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FOREUORO 


The energy environment today and a view of trhat ia likely to be 
the environment in the mid ei^tiea and nineties is most important to 
timely policy development and wise R&D activities. Just as the United 
States was not prepared for the sharp reduction in energy supply and 
increase in cost occurring in 1973, it may find that it is ill prepared 
for the 1990* s. In order to understand tihat may be the long-range 
energy environment, it is necessary to assess how the 1980* s may differ 
from the 1970's as to energy supply pressures and yet how the 1990 *s 
mi^t once again bring an increase in energy problems, but with reduced 
energy substitution and conservation options. The energy trend for the 
future is a very cooprehensive question and many studies have been 
conducted to provide guidance. Thus, it was the purpose of this study 
team to expose for consideration possibly important differences in 
parameters to be faced in the 1990's vs. the 1980's vs. the 1970's. 

Such differences and their associated energy environments may provide 
road signs for a wise energy policy and supportive technology develop- 
ment. Therefore, the reader should review this document with an under- 
standing that it was the study team's purpose to provide thou^tful 
speculation with supportive logic to expose important considerations 
for long-range planning rather than limiting speculations to minor 
extrapolation of historical data. Me encourage readers to analyze the 
overall assumptions and rationale and relate the reported findings to 
long-range R&D concerns. 

Bobby G. Batten 
NASA Study Manager 
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BNBR6Y BNVIKONMBNT STUDY 


By 

Ra^nd Strangwaya^and Uaman Qureahi^ 

BXBCOTIVK SUMMARY 
Introduction 

This report provides a cos|>rehensive aasessaent of the interna- 
tional demand for and supply of oil betifeen the years 19S0 and 2000. 

It also includes estimates of future world oil prices and their impli- 
cations the price of jet fuel. Specifically, three critical ques-tions 
are investigated: (1) How long will the world supply of oil continue 

to keep pace with its demand under likely trends in its use and dis- 
covery? (2) At what price will deoiand and supply clear the world oil 
market? (3) What does the analysis isiply about the price of jet fuel? 
Previous energy studies have projected supply and demand based upon an 
arbitrarily assumed price of oil. The present study follows the re- 
verse procedure, which is more consistent with sticroeconomic analysis, 
provides a more logical and fruitful approach to answer the questions 
raised above. First, we project the demand for and supply of oil. 
Second, we put Che two together to draw price implications for crude 
oil. Finally, we examine implications for the price of jet fuel. 

On the deotand side, two principal factors affecting the world 
demand for oil over the next t%K> decades are identified: these are (1) 

GMP growth rates and (2) petroleum conservation and conversion meas- 
ures. On the supply side, six principal factors are isolated as being 
crucial for projecting the world supply of oil: (1) the magnitude of 
proven reserves, (2) net additions to proven reserves, (3) the minimwii 
ratio of reserves Co production, (4) rate of oil production that 
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exporting countries permit, (5) net Imports from the communist eoun~ 
tries, end (6) synthstlc fusl production* For esch of thess eight 
factors affecting world supply and demand, three projections consisting 
of low, msdlum, and high values are presented* Ihe three demand pro- 
jections could be combined with the three supply projections to con- 
struct a total of nine supply-demand scenarios for projecting petroleum 
prices* Of these, only three scenarios are examined for price Implica- 
tions* Ihe first scenario la the combination of the medium demand and 
medl«im supply to obtain a midlevel scenario* This Is the scenario 
which the authors judge most likely to occur* The second scenario 
combines low demand and low supply to provide a low-level scenario, and 
the third joins high demand and high supply to obtain a high-level 
scenario* The second and third scenarios are judged possible, but con- 
siderably less likely* The three scenarios are then analyzed and the 
price of petroleon la projected for 1990 and 2000 for each scenario* 
Finally, the relationship between the price of petroletn and the price 
of jet fuel in the United States Is examined, and jet fuel prices are 
projected for 1990 and 2000 for each scenario* 

Petroleum Demand 

One of the major determinants of the world demand for oil Is GNP 
growth rate* The reason la that petroleum Is an Input Into the pro- 
duction of goods and services along with labor, capital, and other 
resources* An increase in output produced requires an Increase In all 
inputs Including petroleum* Thus growth in the demand for petroleum 
depends on the growth of OfP* To estimate growth in the demand for 
oil, economic growth rates are projected for medium, high, and low 
demand scenarios for the decades of the eighties and the nineties* 

For WOCA (Morld Outside Goismunist Areas) an average annual GNP 
growth rate of four percent is projected for the medium-demand scenario 
which we judge most likely to occur* Average annual Q(P growth rates 
of five and three percent are projected for the high and low scenarios, 
respectively* For areas included in WOCA, average annual GNP growth 
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rat«c vary froa 2 pareaat for eha low oeanarlo for eha thltod Stataa to 
6«S pareant for tha high aeanario for Japaot and 4.6 pareaat for tha 
aadluB aeanario for Canada* Thaaa rataa am than uaad aa an Input to 
projaet tha danand for patrolaoi In WOCA for 1990 and 2000 for aaeh 
aeanario* 

Tha othar najor faetor lapaetlng tha world danand for patrolam la 
tha laval of eonaarvatlon In tha uaa of oil and tha rata of eonvaralMi 
to othar aoureaa of enargy* OPEC prleaa quadruplad batwaan 1973 and 
1974 and hava aom than doubled alnee 1976* ThaM prlea Inemaaao, aa 
wall aa ragulatlona by national govarnnanta alnad at raduelng oil eon* 
amptlon, aeeount for noat of tha eonaarvatlon and eonvaralon afforta 
In NOCA* 

In tha raaldantlal/coaaarelal aaetor, aubatantlal aavlnga In tha 
uaa of fuel oil am being raallaad by Ineraaaad Inaulatlon* Inprovad 
building daalgna* and afflelaney In tha uaa of oil for apaea heat* Tt 
la aatlnatad that thaaa eonaarvatlon saaaurea will enhanea fuel affl* 
elaney by aa nueh aa 40 pareant by tha year 2000 In HOCA* Slnea 1979 
them haa baan an Ineraaalng trend toward eonvaralon fron oil h^at to 
natural gaa and alaetrlelty In tha raaldantlal/eonawrelal aaetor In eha 
Uhltad Stataa* Thla trend la apparent In both tha ataady dacllna In 
naw honaa Inatalllng oil heat, and tha rata at whleh oil heating ayatana 
In axlatlng atrueturaa am being eonvarted to natural gaa and alaetrle* 
Ity* We projaet aueh a eonvaralon to taka plaea over tha next 30 yaara* 
Tha low*convaralon aeanario (high danand for oil) aaauaaa a atralght 
line dapraclatlon of axlatlng fual oil fumaeaa* Other aeanarloa aa* 
auna aora rapid eonvaralon to othar energy aoureaa* 

lha alactrle utility aaetor In tha Ihltad Stataa and tha mat of 
WOCA la aubjact to aandatory govarnnantal ragulatlona alnad at convert* 
Ing oil* and gaa*flrad burnara to eoal*flrad power planta and nuclear 
generating facllltlaa* Tn tha United Stataa tha Power Plant and Indue* 
trial foal Uaa Act of 1978 prohlblta tha uaa of oil or natural gaa In 
new alactrle utility generation planta or In naw Induatrlal bollara 
with a fual heat Input rata of 100 nllllon Btu'a par hour or greater* 
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Siailar rtfulaeiont prohibieint th« um of oil-firod burnora la goMto- 
ting alaetrielty vara in affact in WOCA long bafora thair introduction 
in tha United Stataa. lha eonvaraion of oil-firad bumara to eoal- 
firad planta ia projaetad to taka plaea ovar tha naxt 20 paara undar 
low, aadiua, and high eonvaraion acanarioa. lha analpaia appliaa to 
both tha Unitad Stataa and WOCA. 

Wa dafina tha aanufacturing aactor aa conaiating of all thoaa 
induatrial activitiaa in which intarfual aubatitution ia raadilp faaai* 
bla. In thaaa activitiaa eonvaraion to othar fuala ia projaetad to 
taka placa ovar tha naxt 20 paara at varying rataa, tharabp affacting 
tha danand for oil. 

Tha othar induatrial aactor includaa thoaa productiva activitiaa 
in which potantial for intarfual aubatitution ia liadtad. ftia to tha 
paculiar eharactar of tha production procaaaaa in agrieultura, conr 
atruetion, aining» and chaaieal faadatoeka, which uniqualp favor tha 
uaa of oil, tha proapact for intarfual aubatitution ia highly liaitad. 
Oil conauaqttion in thia aactor ia diractlp related to the level of 
output which, in turn, dapanda on acononic growth rataa Tharafora, we 
have aatinacad tha demand for petroleum in thia induatrial aactor bp 
caking into account tha varioua aaaiaaad economic growth rataa for WOCA. 

Tha tranaporCation aactor in tha United Stataa ia a major conaunar 
of petroleum and promiaaa great potantial for eonaarvation and fuel 
affieianey improvamanta. A primary raaaon for thia liaa in the nan- 
dated fuel acononp i^rovamanta for domaatic automobilaa and in tha 
growing amphaaia on other modaa of tranaporCation, including maaa tran* 
ait. Hi^ gaaolina pricaa have induced ebangaa in driving habita and 
incraaaad demand for new fual*affieiant cara. Conaarvation in tha uaa 
of fuel bp automobilaa ia further reinforced bp a awitch to diaaal' 
powered vahiclaa which are more efficient Chan tha gaaolina-powarad 
automobilaa. There ia alao a growing anphaaia on electric and hybrid 
vahiclaa in the Unitad Stataa. However, tha extant of thair market 
penetration in the near term depanda heavily on the rate of battery 
davelopmant and govaru!W»at incantivaa for commarcialixation. Thaaa 
davelopmanta have bean incorporated in demand projactiona made by 
aavaral private and government organiaationa in recant yaara. One of 
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eh«e of tho Frotidoaciol Study CoMiosioiit fora* cho botis for 
projoccluf tho troAtportotiott doaond for potroloia in tho U.8. for thio 
otudy. 

In tho root of WOCA, tho outlook for potroloiia doaond in tronopor- 
totion io quito difforoat froa that in tho Oaitod Stotoo. Many eoun- 
trioc olroo4)r uoo aooa tronoit oyotoai and drioo oaolLor fuol offieiont 
outoaobiloo. Ihoto eountrioo will not bo oblo to oehiowo i^rovoaoatt 
in offieioncy eoi^oroblo to that projoctod for tho Unitod Stotoo. 
Ihoroforo, for tho root of WOCA wo projoct on incroooo in tho doaond 
for poerolouo in cho traaoportotion ooctor for 1990 and 2000 in propor- 
tion to cho oeoaoaie growth rotoo for ooeh oroo and oeonario. 

Fotroloua Supply 

Analyoio of cho factora docorainiag tho oupply of potrolota bogino 
with provon rooorvooi which aro oil oirciaatod to bo oeonoaieally at* 
tractiro to produco undor currant conditioao froa fioldo whom oil 
contont hao boon confiraod by drilling and tooting. Orooo additioao to 
provon rooorvoo moult oach yoar froa goouiao now diocovorioo, mviood 
ootiaatoo of proviouoly diocovorod fioldo* and iapcovod rocovory toch* 
niquoo. It io not poooiblo to oay what proportion of grooo additiono 
ovor tho noxt two docadoo will coao froa oach of tho throo oourcoo 
otatod abovo. Barly in tho poriod aoot will no doubt bo froa now dio* 
covorioo and roaoaoooaonto. Aa wo got clooor to tho yoar 2000* rola* 
tivoly aoro will coao froa onhaacod rocovory ao tho tachnological pro^ 
loao oro gradually ovorcoao. In conotructing our oupply oconarioo* wo 
ovolvo a rationalo aaowing grooo additioao to provon rooorvoo in WOCA 
of IS billion barrolo par yoar. Iho low*oupply oeonario aoouaoo grooo 
additioao of 12 billion* and tho higb*oupply oeonario aoouaoo 18 bil- 
lion barrolo annually. In all throo oconarioo two-thirdo of grooo 
additiono aro aootaod to bo in tho non-OFEC aroao and ono-chird within 
OFEC. 


Ovor tho noxt 20 yoaro* tho liaitod availability of provon ro- 
oorvoo will liwic annual production in auch of WOCA. Iho tochnology of 
oil oxtraction io ouch that it takoo an avorago of 15 yoaro to oxploit 
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a nawly diacovarcd fiald« including the tine necessary to develop the 
required infrastructure. Thus, for countries with relatively linited 
reserves, their annual volume of output may be increased only with an 
expansion of proven reserves. For countries with vast reserves, as in 
the Middle East, annual output will probably be determined by economic 
and political aspects rather than by technical limiations. For all 
three supply scenarios, we assume that the R/P ratio for the non^PEC 
areas of WOCA remains at 15/1. 

In seven OPEC countries, Saudi Arabia, Iran, Kuwait, Qatar, the 
United Arab Emirates, Iraq, and Libya, proven oil reserves are so vast 
and R/P ratios so high that the availability of reserves does not pre~ 
sent a relevant technical limit to oil production at the present tiise. 
Although we do not consider the K/P ratio to be the relevant factor 
constraining total OPEC oil production for the period under considera- 
tion, we do believe that OPEC nations will establish production limits 
below the level that is technically feasible. Several arguoients are 
presented to support this conclusion. First, six OPEC countries, Saudi 
Arabia, Kuwait, Qatar, the United Arab Emirates, Iraq, and Libya, have 
extensive balance-of-trade surpluses. Despite a substantial increase 
in imports, their balance-of-trade surplus increased rapidly, and, in 
the final quarter of 1979, was running at an annual rate of 104.5 
billion. This is an excessive amount to be absorbed or to be invested 
abroad. Political opposition to sisable direct foreign investment and 
low yields on financial assets make oil in the ground a competitive 
alternative to expanded production. For our most likely scenario, we 
project that OPEC nations will limit production to 36 MBOD (oiillion 
barrels of oil per day). 

Soviet oil production is projected to peak in 1985 and decline 
moderately before stabilizing. Oil consuinption will likely follow the 
economic growth rate. The residual which is available for export will 
gradually decline and become zero sometime between 1983 and 1992. 

Comminist China is not expected to increase oil exports at an 
extremely rapid rate. Exports will be increased only as needed to 
provide foreign exchange to support economic growth. Chinese exports 
will roughly offset the loss of Soviet oil to the free world. 
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Synfuelt arc liquids and gaaaa readily subscitutad for convention- 
al oil and natural gas in aoat applieationa. They can be derived from 
oil ahala, coal» heavy oil, tar aanda and agricultural products. How- 
ever, nany barriers relating to technology, excessive costs, large 
investments, and environmental problems ssist be overcome before syn- 
thetic fuels can make a significant contribution to energy supplies. 
Although there is virtually no synthetic fuel production in the world 
today, the technological base for such an industry already exists. The 
world price of crude oil has risen to a level that makes oil shale and 
tar sands economically attractive and liquification of coal marginal. 
Production of synthetic liquid fuels by 1990 will be minimal, but may 
reach a level of 8 MBOD by the year 2000. 

Supply-Demand Interaction and Price Projections 

The extent to which the OPEC countries are expected to increase 
the price of petroleum over the coming years depends on the market 
conditions of demand, non-OPEC supply, and willingness of the OPEC 
countries to restrict production. Consequently, we bring together the 
separate demand and supply projections to examine the price implica- 
tions. We conclude that the price of petroleum will rise during the 
1980* s, though at a more moderate rate compared to the 1970' s. 

It is hypothesised that prices of kerosene products will closely 
follow the price of crude. An econometric model is developed to meas- 
ure more precisely the relationship between the price of crude and the 
price of jet fuel. The regression results obtained are statistically 
significant, and are used to project the price of jet fuel. Price 
projections for crude oil and jet fuel are shown in tables A and B. 

Perhaps the most significant conclusion to be derived from this 
entire study is that the petroleum swrket will tighten substantially in 
the 1990* s. This will occur in all three scenarios and in spite of the 
issrked increase in synfuel production that we have projected. The 
reason for the tighter market is that the process of conservation and 
conversion will have been substantially completed and into its final 
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scaget. AC Chat point tha danand for petrolaun will ba dapandanc pri* 
marily on tha laval of aconomic accivicy. Only a major tachnological 
braakchrough such as Cha complata raplacamanc of tha automobila flaat 
by elactric cars could forestall this tightening of tha market in tha 
1990* s. 


Table A. Crude petroleum real-price projections for 
1990 and 2000 (in 1980 dollars per barrel). 




SCENARIO 


TEAR 

LOU DEMAND- 
LOW SUPPLY 

MIDLEVEL 

HIGH DEMAND 
HIGH SUPPLY 

980 

$ 35 

8 35 

$ 35 

1990 

$ 43 

$ 52 

$ 63 

2000 

$ 77 

$102 

$150« 


* projected price for 1999 immediately preceding a 
projected shortfall 


Table B. Projected price of jet fuel in the United States 
in 1980 prices (dollars per gallon). 




SCENARIO 



LOW DEMAND- 

MIDLEVEL 

HIGH DEMAND- 

YEAR 

LOW SUPPLY 


HIGH SUPPLY 


1980 $ 0.92 $ 0.92 $ 0.92 


1990 

$ 1.11 

$ 1.32 

$ 1.57 

2000 

$ 1.89 

$ 2.46 

§ 3.56* 


\stisiate for 1999 preceding a projected shortfall in 

2000. 


INTBODUCTION 


The predict ion of petroleia in the United Stetes peeked in 1970 
and has since declined substantially. The price of a barrel of crude 
quadrupled between 1973 and 1974, reaulting in sharp increases in the 
Consuner Price Index and the deepest recession in the history of the 
United States since the 1930* s. It is evident that by the 1990' s the 
world's conventional oil resources will be seriously depleted. 

The nature of the energy problea is twofold. First, the popula" 
tion of the world has been growing rapidly for the last several centu** 
ries, escalating sharply during the twentieth century. Second, the 
Gross National Products (GNPs) of nany nations have been growing stead- 
ily. For exanple, the GNP of the United States has been growing at an 
average annual rate of slightly over four percent for a century (refs. 
1, 2). Analogously, there have been high GNP growth rates for the 
economies of Western Europe, the Soviet Union, Canada, and Japan. Jiist 
as a growing population requires energy to support it, so does growing 
econooiic activity. The industrial countries have not abandoned their 
pursuit of sustained economic growth, nor have the developing countries 
relinquished their expectations for catching up with rich nations in 
higher standards of living. However, there are not enough petroleum 
reserves to sustain indefinitely the production levels of both indus- 
trial and developing countries. 

Petroleum resources are concentrated in a few nations. Proven 
U.S. reserves of petroleum peaked at 47 billion barrels in 1970 and 
then declined to the present level of 28 billion barrels. This oc- 
curred in spite of the one-shot addition of 10 billion barrels from 
Prudhoe Bay, Alaska, in 1970. In the 1950' s the U.S. found 1.25 
barrels of oil for every barrel extracted froit the ground, but by the 
late 1970' s this dropped to about 0.5 barrel. Lately the reserves in 
the United States have been declining by 1.25 billion barrels a year. 
Just to maintain the current production would require a discovery rate 
50 percent higher than tnat of the last 10 years. 

Recent discoveries in the North Sea have added 25 billion barrels 
of reserves, but the United Kingdom is expected to be a net iog>orter 
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within a decada. Petrolaun resourcaa on tha Arabian Paninaula ara ao 
plantiful that tha coat of producing a barral is lass than two dollars^ 
but avan this rasourca is finita. Purthamora, OPEC countrias ara 
axpactad to maintain cailings on production and may supply only a small 
proportion c£ tha total world demand. 

Tha era of cheap and plantiful petroleum is coming to an end and 
world demand for petroleum will soon be pressing the available supply. 
We will never again have as much oil or gas as we have today, nor will 
it be as cheap. The solutions are voluntary conservation and rapid 
development of alternative sources of energy, especially synthetic 
fuels. 

In this study three critical questions are e]q>lored: (1) How long 

will the production of oil continue to keep pace with demand under 
likely trends in its use and discovery? (2) At what price will it be 
available? And (3) what does this analysis iiq>ly about the price of 
jet fuel? 


STUDY FLAM 


Most energy studies in recent yeers* heve begun by essuning e 
future world price for petroleua» then proceeded to project supply end 
deioend implied by the essuoMd price. Ihis procedure is based on the 
obvious fact that both future demand end supply depend in great measure 
on the price in the market. However, at this juncture tre believe that 
the reverse procedure is store fruitful. Increases in the price of 
petroletmi in the 1970' s, particularly following the near doubling in 
1979 to 1980, have set off changes in both demand and supply that are 
not likely to be reversed under any forseeeble price developments. 
Therefore, in this study we first project demand for petroleum, then 
the supply of petroleum. We then put the two together to drew price 
io^lications for crude oil and, finally, for jet fuel. 

Two principal factors are isolated as being particularly crucial 
for projecting the Free World demand for oil over the next two decades: 

(1) GNP growth rates and (2) conservation and conversion measures. 

Six principal factors are isolated as being particularly crucial 
for projecting the supply of oil: (1) the magnitude of proven re- 

serves, (2) net additions to proven reserves, (3) the minimum ratio of 
reserves to production, (4) the rate of oil production that exporting 
countries permit, (5) net imports from the Coamunist countries, and (6) 
synfuel production. 

Each of these eight factors is analysed one at a time. For each 
one the typical procedure is, first, a theoretical analysis of why and 
how this factor can be expected to affect either the demand for or sup- 
ply of petroleum and, second, examination of some historical or empir- 
ical data concerning this factor. Third, on the basis of steps (1) and 

(2) we make specific assumptions regarding quantitative values which 
this variable may take on over the coming two decades. This step 
clearly is conjectural and requires considerable exercise of judgment. 


*Most notably the path-breaking study performed by the Workshop on 
Alternative Energy Strategies (WAES) (see refs. 3-6} 
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Different observers may awke different judgnents end reach different 
conclusions. However* we believe that this procedure sMkes clear and 
explicit just where assunptions oust be made and t^at our assumptions 
are. 


To account for the fact that reasonable people siay have different 
judgments* assum>tions are made for each of three possibilities. Ihe 
first possibility is the medium or mid value. This value is the 
authors' judgment regarding what is most likely to happen to this spe- 
cific factor during the 1980' s and 90' s. Ihe second possibility is a 
low-demand or low-supply value. This is the authors' judgment regard- 
ing a low value which might be possible but is unlikely to occur. The 
third possibility is a hi^-demand or high-supply value which might be 
possible but is unlikely to occur. 

To summarize* for each of ei|^t factors affecting supply and de- 
mand* three values are presented for low* mediuis* and high possibili- 
ties. The three demand projections could be combined with the three 
supply projections to construct a total of nine supply-demand scenarios 
for projecting petrolemn prices. Vfe have chosen to exasiine only three 
scenarios for price implications. First is the combination of the 
medium demand and medium supply to give a oiidlevel scenario. This is 
the scenario which tho authors judge most likely to occur. The second 
scenario joins low demand and low supply* and the third joins high 
demand and high supply. These two scenarios are judged possible but 
considerably less likely. They jointly provide upper and lower bounds 
to projections for the two decades. These three scenarios are then 
analyzed and the price of petroleus is projected for 1990 and 2000 for 
each scenario. Finally* the relationship between the price of petro- 
leuB and the price of jet fuel in the United States is examined* and 
jet fuel prices are projected for 1990 and 2000 for each scenario. 
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OBNAMO ANALYSIS 



Introduction 

s 

Two principal factoro affecting tha Fraa World danand for oil ara 
(1) GNP growth rates and (2) conservation and convarsion. Ihesa fac> 
tors are discussed in detail in the subsectiona which follow. 

Econowic Growth Rates 
Theoretical Analysis 

The world denand for petroleua depends on world real GNP, and the 
growth in petroleua denand depends on GNP growth. The reason for this 
is quite siople. Petroleua is an input into the production of saterial 
goods and services along with labor, capital, and other resources. An 
increase in production requires an increase in the usage of all inputs, 
including petroleua. Thus, growth in the denand for petroleua depends 
first on the growth of GNP. 

However, GNP growth rates are subject to fluctuations due to the 
occurrence of business cycles. Business cycles interrupt the process 
of sustained econonic growth, setting off changes in the growth of real 
output and, consequently, in the deaand for oil. Ihe econosuc history 
of the last ISO years organises itself so easily into a series of to 
10-year cycles that the reality and existence of business cycles be- 
cones unaistakably obvious. 

Econonic growth and business cycles are closely intertwined. 

During the expansion phase of the cycle they reinforce each other, and 
incone, output, and econonic activity in general increase at a noticea- 
bly faster rate. Then, during the ensuing contraction phase, they 
oppose one another and business activity slows, or perhaps even falls, 
for a period of tine. The continued occurrence of business cycles over 
the next 20 years can be confidently predicted; however, the length of 
specific expansions or contractions cannot be predicted at all. For 
exanple, it is inpossible today to forecast whether the year 1990 will 
be a year of expansion or a year of contraction. Therefore, no attempt 


IS 


!• mad* in this study to prsdiec buslnsss eye Is fluetustions or choir 
Irdpset on the demand for pstrolsuB. 

In projsecing aeonomie growth rates in this study, it is sss«aed 
that steady rates of economic growth will not be interrupted by the 
occurrence of business cycles. Thus, the economic growth rates pro* 
jected here are long-term trends representing the growth process and 
not a specific growth rate for each year. This approach is adopted so 
that the influence of business cycles on econosde growth is minimised 
and long-run trends can be projected. 

Historical Data 

Table 1 shows Che GNP growth rates for the World Outside the Com- 
munist Areas (WOCA), industrial nations such as the United States, 
Canada, and Japan, and a number of selected regions, i.e., Europe, the 
Middle East, Latin America, Africa, and Australia. The data are pre- 
sented for 1960-70, 1968-77, and 1973-77. These three periods were 
chosen because of the wide range of economic conditions that existed in 
each period. 

The decade of the sixties was a period of comparatively favorable 
economic conditions and rapid growth in output. Baal GNP in WOCA in- 
creased at an average annual rate of 5.2 percent in the sixties. 

During most of this period, the United States experienced rapid ecc- 

nomic expansion with very little or no inflation. 

% 

The Consumer Price Index began to rise in 1967 and peaked in 1969 
with seven percent annual inflation. Only 1960 and 1970 were years of 
economic contractions, and these were relatively mild. Western Europe, 
Japan, and Canada also enjoyed steady economic growth during the six- 
ties with virtually no inflation in West Germany, Switzerland, Denmark, 
and Japan. All in all, WOCA and other areas included in the sample 
experienced high rates of GNP growth ranging from 4.3 percent for the 
United States to 10.5 percent for Japan as illustrated in column 1 of 
table 1. 

On the contrary, the 1973-77 period was marked with economic un- 
certainty and cyclical depression. The United States, Western Europe, 
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Tabu 1. Historical GKP growth rates (annual pareantaga ehanga) 


PERIODS 



1960 - 70 

196S - 77 

1973 - 77 

AREAS 

HIGH GROWTH 
(X) 

MEDIUM GROWTH 
(X) 

LOW GROWTH 
(X) 

WOCA 

3.2 

4.0 

2.7 

USA 

4.3 

2.6 

2.0 

Canada 

3.6 

4.8 

3.4 

Europe (Exe* Tivihcy) 

4.7 

3.3 

1.8 

Japan 

10.3 

6.7 

3.2 

Middle Eastdne. Turkey) 

7.9 

8.3 

3.9 

Latin Aiserica 

3.3 

6.3 

4.8 

Africa 

3.4 

3.2 

4.9 

Asia (Exc. Japan) 

4.8 

4.9 

5.3 

Australasia 

3.3 

3.9 

2.9 

World 

4.7 

4.3 

2.8 

Developed Market Econonies 

4.1 

3.3 

2.2 

Developing Market Economies 

3.6 

6.3 

3.3 

Conntnist Countries 

6.7 

6.2 

3.3 


Source: ref. 7 
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«nd J«p«n «xp«rl«ne«d eh« worst rocotsion tiaeo tho Groat Doproooion 
of tho thirtioa. ItoaflplojMnt io tho Unitod Statoa roaehod tho lovol 
of aino poreoat alaultaaooualy with doablo digit iaflotioa. Oil prieoa 
quadruplod ia 1973, roaultiag ia aorioua eutbaeka io produetioo lovola 
of tho ioduatrial ootioaa ood diaruptioa of thoir oeoaoaioa. World 
pooeo waa throatoood by a war io tho Niddlo Boat ood tho oil oaborgo of 
tho Uaitod Statoa. Uodor thoao diaraptivo cooditiooa, oeoooaie growth 
rotoa foil aubataotially to 2 poreoat io tho Uaitod Statoa ood l.S 
poreoat io Europo. la Jopoo, tho growth rata woa a ooro 3.2 poreoat, 
ood only 5.3 poreoat io tho dovolopiog ocoaooioa. Ororoll, WUCA 
oehiovod a 2.7 poreoat growth rota in apito of thoao uafavorablo con~ 
ditions. 

CMP growth rotoa for 196S-77 (ahown in tablo 1, eoluan 2) rofloet 
porfomonco of the oconoaioa during a coabiMd period of'oeonoaic ox- 
panaion and contraction. Data are baaed on two yoara of rapid oconooic 
growth offset by two yoara of aovoro rocoaaion with five yoara of aod- 
orate CMP incroaaoa. CMP growth rates varied froa a low of 2.6 poreoat 
for tha Unitod Stata to a high of 8.5 poreoat for tho Middle Eaat with 
WOCA averaging 4.0 poreoat. Bocauso r>ho 1968-77 period includoa both 
the pooka and trouts of tho buainoaa cycle, coabinod with a fivo-yoar 
period of auatainod oconoaie growth, this period should servo as a aoro 
realistic nora for asking future CMP growth projections. 

Scenario Asauaptions 

Recently tho earlier optiaistic oatiaatoa of real CMP growth for 
the aarkat oconoaios have boon revised by aoro possiaistic projections 
for tho future. Both govornaant and private studios predict aodorato 
oconoaie growth ratos through the decades of ^ho eighties and ninotios. 
While it is b«li>ivod that tho aarkot oconoaios included in WOCA could 
grow soaowbat slowly, oxcoptionally low CMP growth rates over two dec- 
ades do not appear probable nor acceptable by govornaants in tho indus- 
trial or developing nations. Low CMP growth ratos contribute to high 
unoaployaoat and have potentially disruptive oconoaie and political 
effects, ospoeially for the developing nations. Ihoroforo, whereas it 
is difficult to project accurately tho real CMP growth rate for tho 
period 1980-2000, it ia quite reasonable to aasuao that national 


18 


lovtroMact «foul4 4e all thay could to achiaua an aeononie groueli rata 
conalatanc uich higlb aa^loyMoe. Ilhia would ra^uira an avarima annual 
CMP growcli rata of four pareanc. Wa baliaua chat MOCA can and will 
aehiawa thia meat end charafora projaec an awaraga annual CMP growth 
rata of four pareant for tha dacadaa of tha aightiaa and ninatiaa for 
our mdiiB danand acanario* which wa baliava ia tha noat lihaly to 
occur. Ihia four pareant avaraga for MOCA ia conaiatant with a low of 
thraa pareant for tha Unitad Scataa and a high of aia pareant for tha 
davaloping acononiaa. CMP growth rataa for othar aubdiviaiona of MOCA 
for tha aadita-danand acanario ara ahown in colum 2 of tabla 2. 

Altamativalyt a ralativaly high annual CMP growth rata of fiva 
pareant nay ha achiavad in WOCA if tha favorabla eonditiona of tha 
aixciaa ara rapaatad. Iharafora* wa project a higji rata of aeononie 
growth of five pareant for WOCA for tha dacadaa of tha aigjhtiaa and tha 
ninatiaa. Bacauaa patrolaia ia an aaaantial input to all production 
proeaaaaa, a CMP growth rata of five pareant would ba aaaociatad with a 
hi^ world danand for oil. Growth rataa for individual araaa within 
WOCA for tha high-danand acanario ara givan in eoluan 3 of tabla 2. 

Convaraaly» WOCA nay raaliaa a ralativaly alowar annual rata of 
CMP growth for tha dacadaa of tha aightiaa and tha ninatiaa. A ataady 
incraaaa in tha world priea of patrolaia nay forea tha induatrial na> 
tiona to cut back production, alowing down aeononie growth rataa. 
Aaauning that tha above eonditiona prevail, wa project a alowar rata of 
CMP growth of thraa pareant par year for WOCA for the dacadaa of tha 
ai^tiaa and ninatiaa, contributing to a Mailer world danand for 
patrolaun. Low-danand acanario growth rataa for a«d>diviaiona of WOCA 
ara given in colunn 1 of tabla 2. 

Conaarvation and Convaraion 

Tha tarn "conaarvation" aa applied to energy haa a variety of 
naaninga which ara often eonfuaad. Sona poaaibla naaninga include tha 
following: (a) doing without, i.a. , reduced conaunption of gooda and 

aarvicaa idiich require energy input and a raaulting reduction in real 
incona; (b) changing the conpoaition of conau^tion in favor of thoaa 
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Table 2. Projected GNP growth retea: 1980 ~ 2000 

(annual percentage change) . 



LOW-DEMAND 

MEDIUM -DEMAND 

HIGH-DEMAND 

AREA 

SCENARIO 

SCENARIO 

SCENARIO 

WOCA 

3.0 

4.0 

5.0 

USA 

2.0 

3.0 

4.0 

Canada 

3.4 

4.8 

5.6 

Europe (Exc. Turkey) 

2.2 

3.5 

4.7 

Japan 

3.5 

4.5 

6.5 

Developing Economies 

5.3 

6.0 

6.4 

Australasia and South 
Africa 

2.9 

3.9 

5.3 


goods requiring less energy input end whose relstive prices have 
fallen; (c) changing Che choice of production technique to use less of 
the energy input whose relative cost has risen, and (d) innovation, 
i.e. , Che setting up of a new low->cost production technique requiring 
less of the higher priced energy input. 

Political discussions of the need to conserve energy generally 
assume definition (a), i.e., doing without. Conversely, in this study 
the definitions for conservation and conversion of petroleum are in*- 
tended to exclude (a) and to include meanings (b), (c), and (d). The 
activities implied by this usage are primarily willful choices by con- 
sumers and producers in response to changing relative prices and moti- 
vated by self-interest. 

In addition to these willful choices, consuners and producers 
throughout WOCA have been constrained by governmental decrees dictating 
changes in both consumption and production to reduce the use of petro- 
leum. Conservation and conversion are used here to include these dic- 
tated actions to reduce petroleum consumption. 

Conservation and conversion activities have already been initiated 
throughout WOCA which will have dramatic impacts on the demand for 
petroleun. These impacts will vary widely among the various sectors of 
the economy, depending primarily on the extent to which conversion to 
other fuel sources is feasible. To examine these forces in detail, the 
economy is divided into five sectors: residential/commercial, electric 

utilities, manufacturing, transportation, and the nonmanufacturing 
component of the industrial sector. Demand projections are made for 
each of these sectors for six subareas of VK)CA and totaled to estimate 
the demand for oil in WOCA for the 1980* s and the 1990' s. 

Residential/Commercial Sector 

Theoretical and empirical analysis . - In recent years, conserva- 
tion in the use of oil for heating residential and commercial struc- 
tures has been accelerated throughout WOCA due to OPEC price increases 
and government regulations aimed at reducing demand. Conversion to 
other sources of energy, such as natural gas, electricity, and solar 
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«n«rgy, hat aahanetd conaarvation afforca. Subacantlal aavlnga in cha 
conauaption of oil art baing raalised by ineraaaad inaulaciooi caulk- 
ing, and waathar atripping in naw and aniating dwallinga, by introduc- 
tion of haat pinpa, and by convaraion to other aoureaa of apace heat. 

In Europe and Japan greater enphaaia on inprovad building daaigna and 
efficiency in use of fuel oil for heat have added potentiala for 
reduced oil conauaption in the reaidential and coomarcial aector. 
According to the WAES Study (ref. 3), conaarvation oaaaurea in VOCA are 
expected to improve fuel effic*:.cncy by aa ouch aa 40 percent by the 
year 2000. 

Currently, there are about IS million reaidential and comaarcial 
oil heat cuatomera in the United Statea, coopriaing 20 percent of the 
total energy market for thia aector. Hore than 55 percent uae natural 
gaa; approximately IS percent heat with electricity; and the reet uae 
bottled gaa, mod, coal, keroaene, and aolar heat. Oil heat ia domi- 
nant in the northeaat United Statea and New England where the coat of 
heating has escalated sharply since 1976. 

Since 1979, there has been a significant trend toward conservation 
in the use of oil in the residential and commercial sector of the 
United States. The trend is increasingly apparent in the steady de- 
cline in the number of new homes installing oil heat. The percentage 
of newly constructed homes equipped with fuel oil furnaces dropped to 6 
percent in the second quarter of 1979 from ll percent in 1976 (ref. d). 
Surveys indicate that oiost homes in the Washington, D.C., Maryland, and 
New Jersey areas are constructed near gas lines. Real estate agencies 
claim that homes equipped with natural gaa heating systems sell quick- 
er. With oil heat in the declining stage of its life cycle, there ia 
significant empirical evidence to support the argument that by 1985 no 
newly constructed single and multiple fasiily dwellings will be equipped 
with oil furnaces. 

Other significant evidence of conservation in the usage of oil in 
the United States is the rate at which the oil heating systems in the 
existing residential comanrcial structures are being converted to natu- 
ral gas and electricity. The American Gas Association estimates that 
approximately 765,000 homeowners have converted to natural gas since 
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late 1978» and many nora ara in cha procaaa of doing ao or ara axpactad 
to do ao in tha naar futura. lhara ia parauaaiva arguaant for convar^ 
aion to natural gaa which ramaina abundant in aupply and ia chaapar 
than oil. Priea daragulation undar tha Natural Gaa Policy Act of 1978 
haa ancouragad production. Sinca tha Act waa paaaad, gaa pricaa hava 
riaan only 38 parcant with tha avaraga gaa bill only $60 hi^ar in tha 
wintar of 1980 ovar tha 1979 aaaaon (raf. 9). On tha othar hand» tha 
raal priea of oil ia axpactad to continua to riaa ovar the currant 
dacada. Pricaa of natural gas will increase also, but such price in- 
creases ara not expected to catch up with oil prices. Therefore, gas 
heat ia by far a cheaper choice for the 1980'a and will continua to 
provide a strong incentive to conauoiers for conversion froai oil heat. 

i 

Of course, tha major impetus towards both conversion and conserva- [ 

tion efforts in the residential and conmercial sector has been provided 
by rapid price increases of No. 2 heating oil relative to price in- 
creases of natural gas and electricity. As figures in table 3 indi- 
cate, prices of No. 2 heat'ng oil, natural gas, and electricity in- 
creased by roughly tha saiae proportion through 1978. However, the 
doubling of oil prices in 1979-80 following the Iranian Revolution sud- 
denly changed tha relative price structure. From 1976 to Narch 1980, ! 

i ‘ 

the price of No. 2 heating oil increased 139 percent while natural gas ’ 

was up 94 percent, and electricity only 37 percent. Ihis marked the 
beginning of tha dramatic shift away from oil for heating in tha 
residantial/comoiercial sector— a trend which is not likely to be re- 
versed. 

Scenario assumptions . - We believe that in the residential/conmer- 
cial sector conversion from oil heat to other sources of space heat 
will take place over tha next 30-year period. Such conversion stay 
occur under any one of the following three assimed scenarios. 

Beginning with 1980, under the low-conversion scenario (high 
demand for oil), a straight line depreciation is assuised with the 
replacement of oil heat furnaces by other systems only as the existing 

equipment wears out. Under this assumption, in 1990, as illustrated in 

’ * 

figure 1, 27 percent of all those residential and commercial customers 
who presently use oil for space heat will convert to other sources of 

1 

1 
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Table 3. 

Average energy pricea 
States. 

to residential custonars 

in the United 


NO. 2 HEATING OIL NATURAL GAS 

ELECTRICITY 

YEAR 

(cent/gal) 

(cent/1000 fe) 

(cent/kVAi) 

1976 

40.6 

184.6 

3.09 

1977 

46.0 

226.4 

3.42 

1978 

49.4 

262.6 

3.69 

1979 

65.6 

323.1 

3.97 

Harch 80 

97.0 

357.9 

4.24 



INDICES 


1976 

100 

100 

100 

1977 

113 

123 

111 

1978 

122 

142 

119 

1979 

162 

175 

128 

March 80 

239 

194 

137 


Source: ref. 10 
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Figure 1. Projected replacement schedules for fuel oil furnaces In the residential /ci 



heat while 73 percent will continue to utilise fuel oil syeten. In 
the year 2000» the percentage of those converted to other eourcea of 
heat is asauaed to increase to 53 percent with 47 percent of consuaers 
still heating their dwellings with oil furnaces. By the year 2010, 
about 80 percent of the current oil heat custoners are assiaued to 
switch over to other sources of heat with 20 percent still utilising 
oil as a neans for space heat. 

This straight line depreciation and replaceasnt of equipownt over 
30 years seeas to be the miniouai rate of conversion that could be rea~ 
sonably expected. It is considerably nore likely that conversion to 
other fuel sources will take place more rapidly than assumed in the 
low<^onversion scenario. In response to the relative price changes 
that have already occurred, it is expected chat more than 50 percent of 
the present oil heat equipment would be replaced in the first half of 
Che depreciation period, with Che conversion rate tapering off in the 
second half of the period. 

Thus, under the average conversion scenario (meditis demand for 
oil), Che assumed replacement rate is Chat which is considered most 
likely Co occur. Again, beginning with 1980, as illustrated in figure 
1, it is assumed that of those residential and conoiercial customers who 
presently heat with oil furnaces, 37 percent will convert to alternate 
systems by 1990, their percentage eventually increasing to 66 percent 
in the year 2000 and to 85 percent in 2010. Consequently, 63 percent 
of the oil heat custoisers in the residential and commercial sector will 
continue to utilize fuel oil as a primary source of space heat in 1990 
with the percentage decreasing to 34 and 15 percent in 2000 and 2010, 
respectively. 

While it is most likely that conversion will take place at a pace 
comparable to that assumed in the average conversion scenario, it is 
possible that conversion may take place more rapidly. This possibility 
is covered by the high-conversion scenario. Under the high-conversion 
scenario (low demand for oil), a high replacement rate of fuel oil fur- 
naces is assumed. It is assumed that in 1990 approx iuiatoly 47 percent 
of current oil heat customers will switch over to alternate systems 
with the number eventually rising to 77 percent in the year 2000 and to 
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90 ptreent in th« year 2010. Cuatoaere who continue to uaa fuel oil aa 
a source of space heat are asamed to be 53 percent, 23 percent and 10 
percent of their 1980 level in the years 1990, 2000, and 2010, respec- 
tively, as illustrated in figure 1. 

Denand Projections . - biplications of the scenario assusptions for 
the United States are detailed in table 4. Under the low conversion 
the number of oil heat custosMrs will decline from IS million in 1980 
to 11 million in 1990. This represents a reduction in the demand for 
oil from 3.40 million barrels per day (NBOD) to 2.50 MBOD. By the year 
2000, the number of customers is expected to decline to 7.1 million, 
resulting in a consequent reduction in the demand for oil to 1.61 MBOD. 
By the year 2010, the number of oil heat customers is expected to der 
crease to 3.0 million with the demand for oil eventually diminishing to 
0.69 MBOD. 

Under the average-conversion scenario, the number of oil heat 
customers is projected to decline from the 1980 level of 15 million to 
9.5 million in 1990 with a decline in the demand for oil from 3.40 MBOD 
in 1980 to 2.10 MBOD in 1990. For the year 2000, the number of cus- 
tomers is estimated to decline to 5.1 million with the demand for oil 
shrinking to 1.10 MBOD. Analogously, the figures for the year 2010 are 
estimated at 2.3 million oil heat customers with the demand for oil at 
0.52 MBOD. 

Under the high-conversion scenario it is projected that the nuober 
of oil heat customers in the United States will decline from 15 million 
in 1980 to 8 million in 1990. This will reduce the total market demand 
for oil to 1.8 MBOD in 1990 from 3.40 MBOD in 1980. For the years 2000 
and 2010, the ntmiber of oil heat customers is estimated at 3.5 and 1.5 
million, respectively. This is expected to reduce the demand for oil 
from 3.40 MBOD in 1980 to 0.80 MBOD in 1990 and 0.35 MBOD in 2010. 

Because the same international prices of crude petroleum are faced 
by all industrial nations and because rational economic consumers anjr 
where in the world respond to price increases by cutting back consump- 
tion, identical conversion rates for fuel oil furnaces and similar 
conservation efforts are applied to the residential/commercial sector 
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T«bl« 4. Projected demend for oil in the reeidentiel/coomerciel sector 
of the Ihiited Stetee. 


SCENARIO 

TIME 

PERIOD 

NO. 

CUSTOMERS 
(in millions) 

CUMULATIVE 

PERCENT 

DECLINE 

AMOUNT OF 
OIL 

UTILIZED 

(MBOD) 

Historicel 

1980 

15.0 

— 

3.40 

Low Conversion/ 

High Demsnd 

1990 

11.0 

27 

2.50 


2000 

7.1 

53 

1.61 


2010 

3.0 

80 

0.69 

Aversge Conversion/ 

Medium Demsnd 

1990 

9.5 

37 

2.16 


2000 

5.1 

66 

1.16 


2010 

2.3 

85 

0.52 

Hi^ Conversion/ 

Low Demand 

1990 

8.0 

47 

1.81 


2000 

3.5 

77 

0.80 


2010 

1.5 

90 

0.35 


in WOCA as in tha United Stataa. Table 5 prasants data ref lasting the 
demand for oil in tha raaidantial/commareial aaetora of a number of 
aalactad areas and UOCA. Demand projections are made for these areas 
for the years 1990 and 2000 by using low, average, and high conversion 
rates previously discussed and portrayed in figure 1. These data are 
then utilised in projecting the total demand for oil in ffOCA for 1990 
and 2000 for the residential/commercial sector. 

In stsomary, fuel oil consumption in the residential /commercial 
sector of WOCA is quite sensitive to higher prices. High oil bills are 
expected to encourage conservation by discouraging installation of fuel 
oil furnaces in new single and multi-family dwellings, by encouraging 
conversion from oil heat to natural gas and electricity in existing 
structures, and by enhancing ixproved insulation and efficient building 
designs. The conversion of fuel oil facilities to other modes of space 
heat is projected to take place over the Mhy»ar period as the existing 
equipment wears out or may proceed at the average or higher rate of 
conversion. Conservation in the use of fuel oil in the residential/conr 
mercial sector of UOCA is expected to lower the fuel input per unit of 
output produced and, consequently, reduce the demand for oil. 

Electric Utility Sector 

Theoretical and empricial analysis . - Beginning with World War II 
until 1973, Che demand for electricity in Che United States increased 
at an average annual rate of seven percent idiile the average price per 
kilowatt hour (kUh) paid by users decreased (ref. 11). The quadrupling 
of oil prices in 1974 and the subsequent rise in coal prices produced a 
sharp break in these trends. By 1977 the annual grotrth rate in the 
demand for electricity declined to 4.2 percent and subsequently to 3.7 
percent in succeeding years. In 1973 the average price per kWh of 
electricity paid by residential and industrial customers was 3.4 and 
1.7 cents, respectively. By 1977 prices were up to 4.1 and 2.5 cents 
per kWh. Further price increases in Che ensuing years reflected higher 
fuel costs, increased construction costs, and environmental control 
costs. 

In the United States, oil and natural gas account for the major 
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T«bl« S. ProJ«ct«d d«Mnd for oil in Cho rtsidontinl/eotoMreinl 
■•ctort of MOCA (nillion barrols of oil p«r day). 


LOW DBMARD MEDIUH DEMAND HIGH DEMAND 
SCENARIO SCENARIO SCENARIO 


AREAS 


WOCA 

USA 

Canada 

Europe (Exc. Turkey) 
Japan 

Developing Economies 

Australasia and South 
Africa 


1990 

2000 

1990 

S.OO 

2.22 

5.96 

1.81 

0.80 

2.16 

0.29 

0.13 

0.34 

1.77 

0.79 

2.11 

0.33 

0.15 

0.40 

0.75 

0.33 

0.89 

0.05 

0.02 

0.06 


2000 

1990 

2000 

3.26 

6.90 

4.45 

1.16 

2.50 

1.61 

0.19 

0.40 

0.26 

1.17 

2.44 

1.57 

0.22 

0.46 

0.30 

0.49 

1.03 

0.66 

0.03 

0.07 

0.05 


fuel th« gtMracioii of oUetrieity. On Hovwabtr 9, 1978, la 

«n «ll*otte effort to roduco tho donand for oil in tho oloetric utility 
•octor, Prooidont Carter eigned five aajor billa into law that eonati* 
tute the National Bnergy Act (NEA). POur of the Acta have aignificant 
ieiplicationo for the electric utility sector. Theee focua especially 
on fuel conservation, adjuataent of pricing policies, and reduction in 
the denand for oil due to interfuel a«d»etitution. 

Host iaiportant for our purposes here is the Power Plant and Indus- 
trial Fuel Use Act of 1978 (ref. 12). This Act prohibits, with certain 
exceptions, the use of oil or natural gas in new electric utility 
generation facilities or in new industrial boilers with a fuel input 
rate of 100 aillion Btu's per hour or greater. It also prohibits, with 
■inor exceptions, the use of natural gas by existing power plants after 
January 1, 1990. The Act further eapowers the Departaent of Bnergy to 
issue orders requiring specific elec trie- generating facilities to con- 
vert froa oil to coal. Exemptions say be granted if a facility cannot 
be converted or if doing so would increase costs. The overall effect 
of the Act is to increase the share of electricity generated by coal 
and to reduce the share generated by oil and natural gas. 

In addition to this legislative iaperative, there is some economic 
reason to convert from oil to coal. In Noves^er 1978, the cost per Btu 
from residual fuel oil was almost double that from coal. One year 
later, oil was almost triple the cost of coal (see table 6). Thus, 
operating costs are considerably lower for coal than for oil, particu- 
larly since the oil price increase following the Iranian Revolution. 
Although the price of coal will no doubt rise due to the increasing 
desMnd, it is alowst certain that this disparity in cost between oil 
and coal will widen even further in coming years. 

Tutt principal impediment to iuMdiate conversion of all existing 
oil-fired boilers is the high capital cost of coal- fired boilers. A 
typical oil or natural gas boiler costs between 8300,000 and $500,000 
and can be installed in 30 to 60 days. A comparable coal boiler costs 
about $9,000,000 md takes 3 to 4 years for installation.* With 

*Data provided by Hr. Ed Peters of the Department of Energy. 
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T«bU 6. Oo«e of fosalL fuoU to •Uecrie uellitUo in cho tinitod 
Sencta. 


COST (par nlllien Btu) 
XB8XDUAL 


DATS 

COAI> 

FOTL OIL 

RATIO OF OIL TO COAL 

Hovoa^or 1978 

$1.16 

$2.26 

1.9 

Ilov«ari>er 1979 

$1.28 

$3.67 

2.9 


Sourca: r«f. 8 
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ioc«r«it raets at hiatorical lavala, thia coat diffaranea ia highly 
aignifieant ia da laying eoavaraiona. 

A aacond iapadiaMnt to tha ioatallation of eoal>firad boilara ia 
tha anvironMontal protaetion problan. Iba aiMllaat alaetroatatie pro- 
cipitator eoata about $1.5 aillion, and a graat dual of tiaM ia raquir- 
ad to produea anvirooMantal iapaet atudiaa and obtain all tha naeaaaary 
approvala. 

Finally, thara ara aoaa axiating oil planta that aiaiply cannot ba 
conve :ad to coal. A good daal of apaca ia ra^uirad for atoraga and 
handling of coal, and aoaa oil facilitiaa juat do not have tha rouirad 
apaca to eonvart. 

In cone lua ion, there ara both lagal and aconomic raaaona to cotr* 
vert oil-firad alcctric-ganarating plMta to coal or other energy 
aourcaa. At tha saaa tine thara ara lagal, acononic, and phyaical 
iapadioMnca Co convaraion. Tharafora, we cannot expect convaraion in 
tha electric utility sector to ba either eoaplata or rapid. 

Seanario^jMsuaptiono^^id^dMmd^^^ “ With aver* incraaa* 

ing anphasis on conservation of oil ia tha electric utility sector, «e 
believe that tha process of conversion of oil** fired burners to altaroa* 
tive energy sources will taka place over tha next 20 years under one of 
the following 3 scenarios (see fig. 2 and table 7). Under tha loi^ 
conversion scenario it is projected that the desMnd for oil in the 
electric utility saetor will decline to 1.5 NBOD in 1990 froa 1.7 MBOD 
in 1980. This represents a 15 percent reduction in consumption. By 
the year 2000, tha demand for oil is projected »o decline 40 percent to 
1.0 MBOO. This demand for oil will be forthcoming from those utilities 
which will continue to utilise oil-fired burners in 1990 and 2000. 

Under the averag^coaversioa scenario it is estimated that the 
demand for oil will decline to 1.2 MBOD in 1990 from a total of 1.7 
MBOD in 1980 due to higher conversion rates of oil* fired burners. Tliis 
represents a 33 percent decrease in the aswunt of oil constssed. By the 
year 2000 the demand for oil is projected to decline to 0.8 MBOD, ia* 
dicating a 55 percent reduction in tha amount of oil eonaumad. 
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sector. 




Table 7. Projected demand for oil in the electric utility sector of 
the United States. 



TIME 

CUMULATIVE 

OIL UTILIZED 

SCENARIO 

PERIOD 

DECLINE (X) 

(MBOD) 

Historical 

1980 


1.7 

Low Conversion/ 

1990 

15 

1.5 

High Demand 

2000 

40 

1.1 

Average Conversion/ 

1990 

33 

1.2 

HeditiD Demand 

2000 

55 

0.8 

High Conversion/ 

1990 

50 

0.9 

Low Demand 

2000 

70 

0.5 


The high-conversion scenario projects a much faster rate of con- 
version of oil-fired burners to other power plants. It is projected 
that electric utilities will consume SO percent less oil and cut back 
demand to 0.9 MBOD by 1990. Reduction in the demand for oil is esti- 
mated to be 70 percent in the year 2000 compared with the 1980 level. 
This means a decline from 1.7 MBOD in 1980 to 0.5 MBOO in the year 
2000. 

The rationale presented above can be extended to W0CA» where 
mandatory government regulations aimed at converting oil-fired burners 
to coal-fired power plants and to nuclear- generating capabalities were 
in existence long before these regulations were introduced in the 
United States. The reason is that the Western European industrial 
nations and Japan are more heavily dependent on imported oil than is 
the United States. Also, if approval and construction time aspects are 
controlled effectively, nuclear generation is a more economical means 
of producing electricity which not only keeps the cost at a minisium but 
also contributes substantially to the conservation of oil in the elec- 
tric utility sector. For these reasons, identical conversion rates of 
oil-fired burners are applied to electric utility sectors in WOCA as in 
the United States. Table 8 presents data reflecting the demand for oil 
in the electric utility sectors for six selected areas as well as WOCA. 
Oil demand projections are estimated for these areas for the years 1990 
and 2000 under the assumed low, medium, and high demand scenarios. 

These data are then aggregated to project the total demand for oil in 
WOCA for 1990 and 2000. 

In summary, the demand for oil in the electric utility sectors is 
subject to mandatory conservation enforced by the national governments. 
Conversion of oil-fired burners to coal- fired burners is projected to 
take place over the next 20-year period under the low, average, and 
high conversion scenarios. Such conversion is expected to reduce the 
demand for oil in the electric utility sector over the coming two dec- 
ades. 
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Table 8. Projected demand for oil'in the electric utility eectore of 
WOCA (million barrele of oil per day). 


AREAS 

LOU-DEHAND 

SCENARIO 

MEOIUH -DEMAND 
SCENARIO 

HIGH*DENAND 

SCENARIO 


1990 

2000 

1990 

2000 

1990 

2000 

HOCA 

2.91 

1.75 

3.93 

2.63 

4.95 

3.50 

USA 

0.78 

0.47 

1.06 

0.71 

1.33 

0.94 

Canada 

0.03 

0.02 

0.04 

0.03 

0.05 

0.04 

Europe (Exc. Turkey) 

0.9 5 

0.56 

1.25 

0.83 

1.58 

1.11 

Japan 

0.51 

0.30 

0.68 

0.46 

0.86 

0.61 

Developing Economies 

0.65 

0.39 

0.88 

0.59 

1.11 

0.79 

Australasia and 
South Africa 

0.01 

0.01 

0.02 

0.01 

0.02 

0.01 
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Manufacturing Sector 

Theoretical analyaia . - In order to assess more accurately the 
demand for oil in the industrial sector, we have divided this sector 
into two subgroups on the basis of the nature of economic activity and 
the possibility of interfuel substitution. Accordingly, we have define 
ed the manufacturing sector, subgroup one, as consisting of all those 
manufacturing activities where interfuel substitution is readily feasi- 
ble. Subgroup two, the other industrial sector, is defined to include 
all those oil-consuming industrial activities where possibilities of 
interfuel substitution are limited. This sector includes agriculture, 
residential and nonresident ial construction, mining of metallic and 
nonoietallic minerals, and chemical feedstocks. All other industrial 
activities are included in the manufacturing sector. 

In the manufacturing sector, fuel oil is used primarily to gener- 
ate heat. This may be for space heat or for part of the production 
process, e.g. drying in paper and textile production. Other types of 
fuels are also used for the same purpose, so it is relatively easy to 
substitute other fuels for oil in response to the rising price of oil. 
The same arguments and data presented in discussion of the residential/ 
commercial and electric utility sectors are applicable to the manufac- 
turing sector and need not be repeated. 

Scenario assumptions and demand projections . - We project that 
interfuel substitution in the manufacturing sector of the United States 
will occur over the next 20-year period under one of the following 
three scenarios. Figure 3 illustrates interfuel substitution rates for 
each scenario. 

Table 9 provides data on the demand for oil in the manufacturing 
sector of the United States under the three assumed scenarios. In 1980 
the demand for oil in the manufacturing sector was 1.05 MBOD. Our low- 
conversion/high-demand scenario projects that the demand for oil will 
decline to 0.64 MBOD by 1990 and to 0.21 MBOD by 2000. This represents 
40 and 80 percent reductions in the demand for oil in the manufacturing 
sector by the years 1990 and 2000, respectively, compared with their 
1980 levels. The remaining 60 and 20 percent of the demand for oil 
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Table 9. Projected demand for oil in the manufacturing sector of the 
United States. 


SCENARIO 

TINE 

PERIOD 

CUMULATIVE 
DECLINE (Z) 

OIL UTILIZED 
(MBOD) 

Historical 

1980 


1.05 

Low Conversion/ 

1990 

40 

0.64 

High Demand 


2000 

80 

0.21 

Average Conversion/ 

1990 

55 

0.48 

Medium Demand 


2000 

85 

0.16 

High Conversion/ 

1990 

70 

0.32 

Low Demand 


will b« contumwd by thoM ••tablithmcnts which continue to use oil es e 
source of energy. 

For the everege>conversion/isedi«sir demend scenerio, different retes 
of oil demend ere projected. It is etiiseted thet demend for oil will 
decline from 1.05 MBOD in 1980 to 0.48 MBOD by 1990, end subsequently 
to 0.16 MBOD by 2000. This represents e 55 percent decreese in the 
demend for oil by the yeer 1990 end 85 percent by the yeer 2000 when 
compered with the 1980 levels. The remeining demend will be forthcoor 
ing in 1990 end 2000 from those sMnufecturing esteblishments which 
continue to utilise oil es e source of energy in producing their out- 
put. 

Under the high-conversion/lo«rdemend scenerio, demend for oil is 
projected to decline from 1.05 MBOD in 1980 to 0.32 MBOD by 1990, re- 
sulting in e 70 percent decreese when compered with the 1980 level. 

This decline is projected et 90 percent in the yeer 2000, contributing 
to further reductions in the totel demend for oil in the menufecturing 
sector to 0.11 MBOD. 

The verious levels of demend for oil just projected under three 
different sceneries depend on world oil prices. Higher prices hesten 
interfuel substitution end, consequently, reduce the consumption of oil 
in the menufecturing sector. Beceuse firms in eny country will respond 
to resource price increeses by cutting beck consumption end by under- 
teking resource input substitution, identicel inter fuel conversion 
retes ere epplied to ell menufecturing sectors in UOCA es in the United 
Stetes. Teble 10 exhibits dete indiceting demend for oil in the manu- 
facturing sectors of six selected erees for the years 1990 and 2000 
under the three assumed scenarios. These dete ere in turn aggregated 
to project the totel demand for oil in WOCA for the years 1990 end 
2000. 

In sumnery, oil consumption in the menufecturing sectors of WOCA 
is sensitive to higher oil prices. Such prices ere expected to hesten 
interfuel substitution, which we project will take piece over the next 
20 years under the essiened low, nmdium, and high demand scenarios. 

Inter fuel substitution is expected to lower oil consmption in the 
manufacturing sector, thereby impacting the demand for oil in WOCA. 


Table 10. Prejactad daaand for oil in tha nanufacturing aaetora of 
WOCA (million barrala of oil par day). 


AREAS 


LOW DEMAND 
SCENARIO 

MEDIUM DEMAND 
SCENARIO 

HIGH DEMAND 
SCENARIO 



1990 

2000 

1990 

2000 

1990 

2000 

NOCA 


2.15 

0.73 

3.22 

1.08 

4.31 

1.44 

USA 


0.32 

0.11 

0.48 

0.16 

0.64 

0.21 

Canada 


O.OS 

0.02 

0.08 

0.03 

0.10 

0.04 

Europe (Exc 

. Turkey) 

0.96 

0.32 

1.43 

0.48 

1.91 

0.64 

Japan 


0.44 

0.15 

0.66 

0.22 

0.89 

0.30 

Developing 

Economies 

0.35 

0.12 

0.52 

0.17 

0.70 

0.23 

Australasia 

and 

0.03 

0.01 

0.05 

0.02 

0.07 

0.02 


South Africa 


Other Induetrlel Sector 


Theoretical enelyeie . - In this atudy we have defined the other 
induatrial sector to include those productive activities in which po- 
tentiel for interfuel substitution is clearly limited. These activi- 
ties comprise agricultural production, residential and nonresidential 
construction, mining of tsetallic and nonmetallic minerals, and chesdcal 
feedstocks. In agriculture, diesel oil is desianded for such uses as 
mechanical plowing, harvesting, and fruit picking. This demand is 
satisfied at diverse locations by making fuel available where produce 
tive activities are being carried out. Sisiilarly, in residential and 
nonresidential construction, the demand for oil is generated by numer- 
ous earth*«oving activities and movement of materials. As in the case 
of agriculture, the demand for oil is satisfied by supplying it at 
various construction sites to operate construction equipment. Analo- 
gous argufsents can be made for siining of sMtallic and nonsietallic min- 
erals and, with some modification, for chemical feedstock. Ihe crucial 
point, however, is that, due to the peculiar character of production 
processes in agriculture, construction, mining, and chemical feedstock, 
the prospect for interfuel substitution is quite limited. 

Oil consumption in the other industrial sector is directly related 
to the level of output which, in turn, depends on economic growth 
rates. High economic growth stimulates output, which requires increas- 
ed usage of all factor inputs including the various types of industrial 
fuels, i.e., middle distillates, gasoline, kerosene, diesel fuel, re- 
sidual fuel oil, etc. Therefore, higher rates of growth of output in 
the industrial sector mean higher deisand for oil, and lower growth 
rates mean lower demand. It can therefore be concluded that, due to 
the limitation of interfuel substitution and because oil is a factor 
input in the production process, the demand for oil in the industrial 
sector may vary directly with the GNP growth rates for the decades of 
the 80's and the 90's. Accordingly, we have isade the following demand 
projections by assuming low, medium, and high demand scenarios. 

Scenario assumptions and demand projections . - An earlier section 
of this paper examined historical GNP growth rates for UOCA and select- 
ed geographic subareas. Growth rates were then projected for UDCA and 
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tlx tubtrttt undtr thrtt dratnd tetnariot. That# 6NP growth rata 
projactionti thown in tab la 2, font tha baait for projaetlng tha daaand 
for oil in tha othar induttrial taetora of VTOCA and itt aix aubaraaa. 

For tha Unitad 8tataa« GRP growth rataa of two, thraa, and four 
parcant ara projaetad for tha low, aadiua, and high damand aeanarioa. 
Undar tha loirdanand acanario, wa projaet that a 2 parcant annual rata 
of GRP growth in tha Unitad Stataa for tha dacadaa of tha 80 'a and tha 
90* a will ganarata daaMnd for induatrial fual oila aoMunting to 3.30 
MBOD by 1990 and 4.00 MBOO in 2000. Tha figuraa ara auanariaad in 
table 11. 

For Che United Statea, economic growth ratea averaging three 
percent per year for the decadea of the 80 'a and the 90 'a are projected 
under the mediuni- demand acenario. Our etimatea are that the demand for 
oil in the induatrial aactor ia expected to be 3.68 MBOD and 4.94 MBOD 
in 1990 and 2000. 

The high>damand acenario aaauoMa economic growth ratea in the 
United Statea averaging 4 percent annually throughout the decadea of 
the 80 'a and the 90* a. The demand for induatrial fuel oila ia, thar^ 
fore, eatimated to be 4.22 MBOD by 1990 and 6.43 MBOD by 2000. 

The analyaia applied to the United Statea haa been extended to 
WOCA. The demand for oil in the induatrial aector of HOCA ia aaataaad 
to be a direct function of the GRP growth ratea. Oeouind eatimataa have 
beem projected for the yaara 1990 and 2000 by aaauming different econo- 
mic growth ratea under low, medium, and high demand acenarioa for all 
areaa compriaing UOCA. Theae eatimatea ara ahown in table 11 and are 
included in the total demand for oil in UOCA for the yeara 1990 and 
2000. 

In aummary, there ia a limited potential for interfuel aubatitu- 
tion in the other induatrial aector. The demand for induatrial fuel 
oila dependa on the aize of output, which in turn dependa on the aa- 
aumptiona of economic growth ratea. Oil demand project iona are made 
for WOCA under low, medium, and high deoMnd acenarioa. 
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Tablt 11. Proj«cC«d demand for oil in the ochor industrial factors of 
WOCA (million barrels of oil per day). 


LOW DEHAMD 
SCENARIO 


MEDITM DEMAND 
SCENARIO 


HIGH DEMAND 
SCENARIO 


AREAS 


WOCA 

USA 

Canada 

Europe (Exe. Turkey) 
Japan 

Developing Economies 

Australasia and 
South Africa 


1990 

2000 

1990 

13.52 

18.96 

15.04 

3.30 

4.00 

3.66 

0.42 

0.59 

0.49 

3.56 

4.43 

4.09 

1.45 

, 2.05 

1.61 

4.38 

7.34 

4.71 

0.41 

0.55 

0.46 


2000 

1990 

2000 

23.10 

16.82 

28.43 

4.94 

4.22 

6.43 

0.79 

0.53 

0.91 

5.77 

4.65 

7.35 

2.50 

1.96 

3.72 

8.43 

4.91 

9.13 

0.67 

0.53 

0.89 


TraMpertaciott Saetor 


Thaoratical aaalytia * • lha cranaportation aaetor ia a aajor eoaauaar 
of patrolaua. In 1976 it conataMd 93 parcanc of all tha patrolaun uaa4 
in tha Unicad Scataa. Patrolaia rapraaanca aboue 97 pareant of thla 
aaetor't anargy raquiraMnta (raf. 13). Ttanaportaeion affaeea avary 
aapaet of a nation* a aeonoqr. It proaotaa aeonoaie growth and tha 
dalivary of aoeial gooda, anlargaa tha araa eonaunara and indoatry aay 
draa upon for raaoureaa and produeta, and faeilitataa tha diatribution 
of privata good# and aarvieaa. lha raaulting apacialitation and aeon* 
owiaa of acala provida widar choicaa for eont«aara at lowar prieaa. 
Alao, a viabla tranaportation ayataa ahapaa eitiaa* unifiaa a nation, 
■akaa tha world accaaaibla, and playa a kay rola in national dafanaa 
and intamational trada. Ita lack could fruatrata a nation'a economic 
and aoeial growth. 

In tha United States, tha transportation sector uses patrola«mi to 
move people and coMOditias by five nodes of travel: highway, air, 

rail, marina, and pipalina. It is in this sector that tha potential 
for conservation and affieianey iaprovamant in tha use of petroleum is 
axtramaly significant. A primary reason for this lias in tha mandated 
fuel acooosqr improvamsats in tha autooMbila industry and in tha growing 
emphasis on other nodes of transportation, including mass transit and 
tha electric and hybrid vehicles. Furthermore, as tha single largest 
consiiMr of petto laia, tha United States transportation system is high* 
ly sensitive to oil price increases and patrolaum supply uncartantias. 
Higher fuel prices not only motivate changes in tha driving habits 
which enhance conservation, but also increase dan«id for more fuel* 
efficient new cars whose efficiency is rapidly approaching the mandated 
standards. For example, the average new car mileage e:^ected by meet- 
ing the standards ia 1965 is approximately 27.5 miles per gallon (mpg). 
The current General Motors fleet average for new car affieianey is 
about 22.4 ^^g and is expected to exceed the mandated standards by 
averaging 31 mpg in 1965 (ref. 14). As more efficient new cars are 
purchased and older less efficient ones are scrapped, the average fleet 
efficiency is expected to iaprove further. Conservation in fuel use by 
automobiles is reinforced by a awitch to diesal-powered vehicles, which 
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«r« ««ciMC«d to bo SO poreoBt «oro offieione ehon tooolino-pONtrotl 

OtttOOObilOO. 

tecontly thoro hoo boon o growinit oaphooio on oloctric ond hybrid 
vohielot in tho Onicod Stotos. 8om 2,000 oloctric vohieloo hovo boon 
built ond offorod for oolo in this country (rof. IS). Hybrid uohicloc 
which oro poworod by o conbinoticn of oloctric notoro md intornol* 
eoabuotiofi onginoo vo not yot coiorc jolly ovoiloblo. taphooio on 
oloctric ond hybrid vohieloo io boood on eonoorvotion of fool ond tho 
following oxpoccotiont: 

(1) Bloetric or hybrid vohieloo would ouceooifully con^oto with 
convent ionol vohieloo in tho urbon ■orkot; 

(2) Tho not offoct if uoing oloctric-poworod vohieloo would be o 
reduction in pecroleun demond; 

(3) If betcerieo ore charged during periodo of low electric de> 
numd, i.c. during the night, utility peol^poiior requireoMnto 
would not be odveroely effected end electric generotion could 
become oore offieione; ond 

(4) Environocntol protection would be focilitoted becouoe it io 
eooier to control emiooion from o few ototionery electric 
power ototiono then from o large madier of onving vohieloo 
(ref. IS). 

The extent to idiich fheoe oxpoctationo are act dependo priaarily 
on battery devolopaont. The battery io the aoln cenotroint on the 
ability of electric or hybrid vehicleo to coapete with liquid* fuel 
vehicleo. In the near future, three botterico, lead>aeid, nickel*iron, 
and nickel*sinc have a reaoonoble chance of becoaing conaerciolly 
avoileble. At the preoent tiae, none of theoe botterieo p^>aoeooeo the 
power, endurance, or converoion efficiency which would enable the bat- 
tery-powered vehicleo to aotch the perforaance of conventional auto- 
aobileo. General Hotore Corporation plana to introduce a oaall elac- 
tris-powered car in the 1984 modal year with a cop apeed of 80.5 ka/hr 
(SO aph) and a rruge of 161 ha (100 ai) without recharging the battery 
(ref. 14). 
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Due to liaited range .end acceleration, near-future application of 
electric vehicleo io likely to be confined to a few cojaercial vehicleo 


for urban uae. Thnaa ar« not «xp«ce«d to b« coBBon «• sneond faaily 
cars until tha 1990's at tha aarliast. lha axtant of thair aarkat 
panatration through tha yaar 2000 is uncart ain and dapands haavily on 
tha rata of battery davelopaient and govarnaant ineantivaa for coonmr- 
cialiaation. 

Scenario asauaptions and daaand projections . “ In projecting da- 
aand for oil in tha transportation sector of the United States* we 
have relied haavily on astiaatas aada by aany private and govarnaant 
studies, including one by tha Presidential Study Coaaission. Tha most 
notable feature of these studies is tha anticipated decline of the rate 
of growth in oil daaand throughout the decades of the 1980's and the 
1990' s. Table 12 lists these studies as well as their projected d^ 
mends for oil in the years 1990 and 2000. The estiisates vary from 9.82 
MBOD to 11.70 MBOD for the year 1990 and from 10.13 MBOD to 13.17 MBOD 
for the year 2000. 

As shown in table 12, estimates by the Presidential Study Comais- 
sion fall right at the mean of the studies cited for both 1990 and 
2000. For this reason we have chosen to use the Presidential Study 
Commission's figures as our projections of the demand for oil in the 
transportation sector of the United States. Accordingly, we estimate 
Che demand for oil to be 10.48 MBOD in 1990 and 11.55 MBOD in 2000 for 
the mediuor- demand scenario. For Che low- demand scenario our etimates 
are 8.79 MBOD and 9.40 MBOD for the years 1990 and 2000, respectively. 
Under Che high-demand scenario we project the daaand for oil Co be 
11.00 MBOD in the year 1990 and 13.30 MBOD in the year 2000. 

Similar studies of petroleiso daaand in the transportation sectors 
of other countries throughout WOCA are not available, so a different 
method of projection is necessary. In the rest of WOCA the outlook for 
petroleum demand in transportation is quite different from the United 
States. For the past three or four decades the heart of the transpor- 
tation system in the United States has been the large, high-powered, 
loi^efficiency automobile. One happy implication of this fact is that 
great improvements in fuel efficiency can be achieved in the coming two 
decades in the U.S. transportation sector. 


T«ble 12. Projections of denand for petroleum in the transportation 
sector of the United States (million barrels of oil per 
day) . 


SOURCE 

1990 

2000 

a. Presidential Study Coomission 

10.48 

11.55 

b. Stanford Research Institute 

11.70 

13.17 

c. Department of Transportation 

9.82 


d. Office of Technology Asaesament 

11.04 

12.56 

e. Department of Energy 

9.82 

11.14 

f. Data Resources, Inc. 

9.88 

11.14 

g. Exxon 

10.08 

10.13 

h . Pace 

11.14 


Average 

10.50 

11.60 


Source: refs. 13, 16 Co 22 
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In the rest of WOCA, however, they heve not relied upon the lerge | 

inefficient eutosiobile. Other countriee elreedy use mass transit sys- 
tems and the smaller automobiles to which the U.S. is now converting. 

These other countries will not be able to achieve improvements in effi- 
ciency comparable to that projected for the U.S. Some improvementSt of 

i 

course, will be made, but they will be more difficult to effect and of ' 

smaller magnitude. 

Therefore, for the rest of WOCA the authors project that the 
transportation demand for petroleum will increase. Since transporta- 
tion is an input in the production process, we can expect the demand 
for petroleuD in transportation to increase roughly in proportion to > 

the level of production. Therefore, in these countries we have in- 
creased the demand for petroleum in the transportation sector at the 
ssBte rate that GNP is projected to grow, these data are presented in 
table 13 along with figures for the United States and the aggregation 
for MOCA for the years 1990 and 2000. 

This completes our examination of the demand for petroleum in 
WOCA. In the next section we turn to an analysis of the supply side of 
the market. Following that, we put demand and supply together to 
search for price implications. 

Summary 

The various procedures used to project the demand for petroletxn | 

are summarised in table 14. In three sectors of the economy, residen- ! 

( 

tial/commercial, electric utilities, and manufacturing, recent price , 

increases and governmental mandate have initiated a process of conser- 
vation and conversion that will progressively reduce the demand for 
petroleum over the next 20 years. Conversion is projected at somewhat 
different rates in each of the three sectors depending on particular 
conditions. Identical rates are used for all six geographic areas of 
WOCA. 

In the other industrial sector, substitution of other fuels for 
oil will be far more difficult, if possible at all. Therefore, the 
demand for oil in this sector is projected to increase at the same rate 


i 
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Table 13. Projected demand for oil in the transportation sectors of 
MOCA (million barrels of oil per day). 


AREAS 

LOW-DEMAND 

SCENARIO 

MEDIUM H)EMAND 
SCENARIO 

HIGH-DBMAND 

SCENARIO 


1990 

2000 

1990 

2000 

1990 

2000 

MOCA 

22.31 

29.28 

25.50 

35.71 

27.59 

42.28 

USA 

8.79 

9.40 

10.48 

11.55 

11.00 

13.30 

Canada 

1.01 

1.42 

1.17 

1.88 

1.28 

2.20 

Europe (Exc. Turkey) 

4.34 

5.40 

4.99 

7.04 

5.66 

8.96 

Japan 

1.S4 

2.17 

1.71 

2.66 

2.11 

3.96 

Developing Economies 

6.00 

10.06 

« 

6.45 

11.56 

6.73 

12.51 

Australasia and 
South Africa 

0.63 

0.83 

0.70 

1.02 

0.81 

1.35 


Table 14. Summary of demand projection procedures 


Sector 

U.S.A. 

Other WOCA 

Residential/ 

Commercial 



Electric Utilities 

Conservation and 
Conversion 

Same as U.S.A. 

Manufacturing 



Other Industrial 

Increased at GNP 
Growth Rate 

Same as U.S.A. 

Transportation 

Data Projected by 
Presidential Study 
Commission 

Increase at GNP 
Growth Rate 
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•• GNP. Separate GUP growth rate# are projected for each of the six 
geographic areas of WOCA. 

The demand for petroleum in the trenaportation sector of the 
United States is generally expected to decline as the sise of the auto* 
mobile is scaled down and gas mileage is increased. We have used pro* 
jections made by the Presidential Study Commission. 

In the rest of WOCA similiar fuel savings are not likely to be 
made. Therefore, for the rest of WOCA the demand for petroleus in 
transportation is projected to increase at the same rate as GNP for 
each of the five subareas. 

Separate projections of the demand for oil have been made for five 
economic sectors, six geographic areas, two time periods, and three 
scenarios, for a total of 180 projections. These data are summarised 
for WOCA and presented in tables IS and 16. Table 15 also shows a 
breakdown for each sector, and table 16 shows totals for each subarea. 


Table IS. Projecced demand for oil in WOCA by economic sectors 
(million barrels of oil per day). 


LOH-OEMAND MEDIUMH)EMAND HIGHH)EMAND 

SECTORS SCENARIO SCENARIO SCENARIO 



1990 

2000 

1990 

2000 

1990 

2000 

Res ident ial/ Comiaerc ial 

S.OO 

2.22 

5.96 

3.26 

6.90 

4.45 

Electric Utilities 

2.91 

1.75 

3.93 

2.63 

4.95 

3.50 

Manufacturing 

2.15 

0.73 

3.22 

1.08 

4.31 

1.44 

Ocher Industrial 

13.52 

18.96 

15.04 

23.10 

16.82 

28.43 

Transportation 

22.31 

29.28 

25.50 

35.71 

27.59 

42.28 

MOCA 

45.89 

52.94 

53.65 

65.78 

60.57 

80.10 


Source: Cables 5, 8, 10, 11, and 13 


Table 16. Projecced demand for oil in MOCA by geographic areas 
(million barrels of oil per day). 


AREAS 


LOH-DEMAMD MEDIUM -DEMAND HIGH-DEMAMD 

SCENARIO SCENARIO SCENARIO 



1990 

2000 

1990 

2000 

1990 

2000 

USA 

15.00 

14.00 

17.86 

18.52 

19.69 

22.49 

Canada 

1.80 

2.16 

2.12 

2.90 

2.35 

3.44 

Europe 

11.55 

11.48 

13.87 

15.29 

16.23 

19.63 

Japan 

4.27 

4.82 

5.07 

6.06 

6.30 

8.88 

Developing Economies 

12.13 

18.24 

13.46 

21.25 

14.48 

23.32 

Australasia and 
South Africa 

1.14 

1.44 

1.29 

1.76 

1.50 

2.33 

WOCA total 

45.89 

52.94 

53.67 

65.78 

60.55 

80.09 


Source: Cables 5, 8, 10, 11, and 13 


SUPPLY ANALYSIS 


Introduction 

For purpose of this study, the principel feetors directly effect* 
ing the future supply of oil ere 

(1) the isegnitude of proven reserves, 

(2) net edditions to proven reserves, 

(3) the minimus retio of reserves to production (R/P retio,) 

(4) the rate of oil production that exporting countries permit, 

(5) net imports from the Communist countries, end 

(6) synfuel production. 

These six factors are not the treditional determinants of supply, 
e.g. product price, technology, and expected future prices, which ere 
the more basic, elementary factors that determine supply. However, for 
this anelysis we have found it isore convenient to organ iae our discus- 
sion around the six factors listed above, which more directly affect 
the supply of oil. 

After analyzing each of these factors theoretically and empirical- 
ly, alternative specific assumptions are made concerning each of these 
factors over the next 20 years. These specific assumptions are the 
supply inputs for the three scenarios to be used to project future 
petroleum prices. 


Magnitude of Proven Reserves 

Proven reserves of oil are estimated to be economically attractive 
to produce under current conditions from fields where oil content has 
been confirmed by drilling and testing. Proven oil reserve figures 
published at the end of each year are derived from estimates made by 
oil companies and governments of oil-producing countries. The esti- 
mates are stated to be reserves recoverable at current prices and with 
current technology. They include oil recoverable by primary production 
methods as well as by secondary or tertiary recovery where the poten- 
tial has been evaluated and facilities are planned. 
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Bstiaiat«t of provon rooorvos art tubjaet to nueh uneortalaty and 
can changa up or doun from yaar to yaar aa naw aaaaaamanea ara aada. 
Houavar, for tha paat four yaara aatimataa publiahad in tha Oil and Caa 
Journal hava baan fairly atabla at about 550 billion barrala of provan 
oil raaarvaa for tha world outaida tha Connuniat araaa (WOCA). In thia 
analyaia we bagin with tha figuraa publiahad at tha and of 1978. At 
Chat data OPEC provan raaarvaa were 445 billion barrala and non-OPBC 
raaarvaa ware 102.5 billion barrala (raf. 23). 

Proven raaarvaa for future yaara ara than aatinatad by adding 
groaa additiona for tha yaar and aubtracting production for tha yaar. 
Thia adjuatBMnt givea ua proven raaarvaa at the beginning of tha 
following yaar. Proven raaarvaa for the following yaar ara then 
aatinatad in the aama faahion. 

Additiona to Proven Raaarvaa 
Introduction 

Groaa additiona to proven raaarvaa raault from genuine new diacov 
eriea, reviaed aatinataa of previoualy diacovarad fialda* and improved 
recovery tachniquea. Iheaa aourcaa ara diacuaaad in tha aubaactiona 
which follow. 

Genuine New Diacovariaa 

How much petroleum waa originally in tha ground that could avanttt> 
ally be extracted and how much ia atill there? Since 1960 moat aati- 
mataa of the world' a total ultimately recoverable raaarvaa of conven- 
tional oil have ranged from 1,800 to 2,200 billion barrela. Cumulative 
world production in 1979 waa 430 billion barrela, and proven reaervea 
were 640 billion barrela. Thua, there remain aoiaa 800 to 1,100 billion 
barrela of recoverable conventional oil yet to be diacovered (ref. 4). 

The important queation for projecting productin over tha next 20 
yeara ia not how much oil ia yet undiaeovered, but at what rate it will 
be diacovered. Genuine new diacovariaa in tha paat would hava baan 
much lower without tha diacovary of tha maaaiva oil raaarvaa of the 
Middle Beat. Over half of UOCA oil raaarvaa hava bean found in an area 
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•oiM 1,287 by 805 In* (800 * 500 mi). Th« eh«ncea th«t such • prolific 
region will bo found ogoin oro moll. 

Since the reeource beee ie finite, the oil reneining to be found 
suet decline ee oil ie discovered. The aoet promising erees will be 
drilled first, end ss the seerch moves into less likely sress, the 
discovery rete will probebly decline. It therefore seems unlikely thet 
genuine new discoveries will be suiinteined et the rete eehieved over 
the pest two decodes. 

Revised Bstimetes 

Since 1950 revised estimetes of previously discovered fields hove 
been quite lerge. In 1950 the Oil end Ges Joumel estiiseted proven 
reserves of MOCA to be 72 billion berrels. Ws now know thet those 
fields ectuslly conteined 300 billion berrels, so 230 billion berrels 
hove been added to proven reserves by reassessment of earlier estimates 
(ref. 4). There ere two reasons for the lerge sise of this reassess* 
ment. First, prior to 1960 oil was being discovered et s very rapid 
rete relative to production, end production was being rapidly expanded. 
Under those conditions there was little pressure to be overly concerned 
about the exact sise of recoverable reserves in e newly discovered 
field. Second, there was tremendous progress in seismic techniques in 
the 1960's. This has resulted in a much earlier and more accurate 
estimate of recoverable oil in a new field. Thus, additions to re* 
serves due to revising estisMtes of previously discovered fields will 
probably be much lower in the next two decades than in the pest two. 

Improved Recovery Techniques 

Future additions to reserves are more likely to be obtained by 
improved recovery techniques. The primary method of oil production 
uses pressure within the ground to force oil to the surface (ref. 24). 

This pressure is generally sufficient to force out only about 25 per- 
cent of the oil in the ground, depending on the viscosity of the oil 
and the structure of the surrounding rock. 

After the natural pressure has dissipated, enhanced recovery tech- 
niques may be used to get more oil out of the well. These include 
practices such as injecting water or gas into the well to increase the 


iot«rn«l pr«*«ur« and injaceiot ehaaieala or boat to raduea tha viacoo” 
ity of tha oil a"d inertaaa tha flow of oil to tha oaU. lhaaa anhane- 
ad raeovary tachoiquaa hold gtmat proaiaa* but such taehnology yat 
raaaina to ba davalopad for thia payoff to ha raaliaad. 

Tha avarata racovary rata in tha thiitad Stataa haa alraady riaan 
froai 2S to 32 pareant (i.a., 68 parcant of oil raaaina in tha ground). 
Tha incraaaa in oil pricaa in 197>-74 and again in 1979>80 cartainly 
incraaaad tha incant ivo to uaa aaeondary and tartiary tachniquoa and 
will continue to incraaaa that incantiva in tha future. If tha avaraga 
global racovary rata could ba incraaaad to 40 parcant by tha year 2000, 
proven raaarvaa would ba incraaaad by 60 parcant (baaed on a praaant 
world racovary rata of 25X). It ia likely that recovery rataa will 
iaprova gradually, and annual additiona to raaarvaa frow enhanced 
recovery will initially ha aaall, but will incraaaa over tha next 20 
yaara. 

Riatorical Review 

Figure 4 ahowa annual groaa additiona to proven raaarvaa in HOCA 
froa 1950 to 1979. Fivwyaar avaragaa are ahown Co ranova year-t<^yaar 
variability. Tha data are obtained from yaar-and aatimataa of proven 
raaarvaa publiahad in Oil and Caa Journal . 

Tha Boat unuaual period in the paat 30 yaara waa 1965*70, whan 
groaa additiona were more Chan double tha avaraga. Tha large voluM of 
groaa additiona waa due priaarily to raaaaaaamnt of fialda pravioualy 
diacovared, particularly in tha Middle Seat. Aa pravioualy diacuaaad, 
raaaaaaamant on tliia naaaiva acala ia not likely to ba rapaatad in tha 
future. 

Onitcing tha 1965*70 period, groaa additiona have fluctuated cur* 
priaingly little around an average of about 21 billion barrala par 
year. Groaa additiona outaida the Middle Eaat have bean owra atabla 
than tha total. Tha greataat variability haa bean in the Middle Eaat. 

Outaida tha Middle Eaat, groaa additiona ainca 1955 have averaged 
about 10.1 billion barrala par year (onitting 1965*70). Tha fiv^yaar 
avaragaa have all bean within a range of 1.3 billion barrala. Groaa 
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B1U.I0H BARRELS PER YEAR 





additiooa in chn iMt four yoaro uora virtually aa t^aat aa in tha lata 
1950* a and aoa a O h at highar than in tha aarly 60* a. 

Lika politiea, oil diaeovariao in tha Niddla Baat hava baan nora 
volatila than alaauhara. Groaa additiona in thia araa daellnad gantly 

1950 to 1965, than junpad in 1965 aa pravtaual ' notad. Sinea 
than, groaa additiona hava daelinad dranatieally fron 32 billion bar- 
rala to a nara 6.4 billion barrala annually in tha paat 4 yaara. 

Scanario Aaaiaptiona 

Baaad on tha praeading thaoratieal analyaia and hiatorieal raviau, 
ua baliava that groaa additiona to provan raaarvaa in WOCA will jvaraga 
15 billion barrala amually ovar tha naxt 20 yaara. It aaana vary 
unlikaly that tha avaraga will fall balow 12 billion, and aqually 
unlikely that it will axcaad 18 billion barrala par year. 

It ia not poaaibla t^' aay how nuch of thia will com froa each of 
tha thn^ aoureoa of groaa additiona. Early in tha period noat addi- 
tiona to proven raaarvaa will no do«d>t ba froa new diaeovariaa and 
raaaaaaaaanta. Aa wa gat cloaar to tha year 2000, relatively aora 
will COM froa enhanced recovery aa tha technological probloM are 
gradually ovarcoM. 

Since Uorld War 11, diaeovariaa in the Niddla East hava ovarahad- 
o»ad those in tha rest of tha world. Thia will not ba repeated in tha 
future. Un^<’Vibtadly there ia atill Mra oil to ba found in the Middle 
East. Xndsad, provau raaarvaa in Saudi Arabia increased just last 
year. Rouavar, it ia axtraMly unlikaly that isora giant fields will ba 
discovered in thia tiny araa. Future diaeovariaa will ba eonaidarably 
Mra sMdast. 

On tha other hand, iaprovaMnts in recovery tachniquaa will ba 
Mra beneficial in tha Middle Eaat than alaaidiara. Thia ia baeauaa tha 
Middle Ease already has large rasarvas to uhich tha iaprovad techniques 
can ba applied. Thus, gross additions to rasarvas ia the Middle Eaat 
will continue in tha naxt 20 yaara, but not at tha level of tha past. 

Based on tha foregoing reasoning, wa hava constructed a supply 
projection for this study on tha aasiaiption chat Cuo>tbirds of tha 
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gross additions will ba in non*OPBC countries and one- third will be in 
OPEC countries. 

In stnmaryt our aost likely scenario assumes gross additions to 
proven reserves in WOCA of 15 billion barrels per year. The lo«r*supply 
scenario assuses gross additions of 12 billion, and the high-supply 
scenario assumes 18 billion barrels annually. In all three scenarios, 
two-thirds of gross additions are assusied to be in the non>OPEC areas 
and one~third within OPEC. 

Beserve-to-Production Ratio 
Theoretical Analysis 

There are several factors that prohibit a newly discovered field 
from being fully exploited in a short period of time. As discussed pre- 
viously, the primary method of oil production uses pressure within the 
ground to force oil to the surface. If the oil is extracted too fast 
or if too many wells are drilled into the same field, the amount of oil 
that can eventually be recovered is reduced. Thus, it is in the ec<^ 
nomic interest of the owner to exploit the field slowly. After the 
natural pressv *e has dissipated, enhanced recovery techniques may be 
used to get more oil out of the well. Ihe use of these enhanced recoil 
ery techniques means that more time will be required to exploit the 
field. 

Additional time is required to develop the infrastructure neces- 
sary to exploit the field. If the new field is close to existing, 
producing fields, a new discovery may be brought into production within 
two years. However, in more reawte and inhospitable environments, such 
as the North Sea or Alaska, 5 to 10 years may elapse between discovery 
and the beginning of production. 

Thus, it takes an average of approximately 15 years to exploit a 
newly discovered field. This loeans that, so long as new discoveries 
continue at the same rate, it would be difficult to increase production 
so fast that the ratio of proven reserves to annual production (R/P 
ratio) would fall below 15 to 1 (ref. 6). When new discoveries begin 
to decline (or cease altogether) production can be maintained but re- 
serves will decline. At that time, the R/P ratio would then fall below 
15 to 1. It will eventually reach zero when reserves are exhausted. 
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Bapirical R*vi«w 


SoM r«c«nt R/P r«cio« for oeloctod countries end nrcne are ehoira 
in table 17. Production figures for 1978 rather than for 1979 are used 
due to the production dietortione that occurred in 1979. Highest of 
all are the 6 OPEC countries in the Middle Bast with a coabined R/P 
ratio of 49. Reserves in this area are so huge that they do not pre* 
sent any technical liait on production and likely will not within the 
next decade and perhaps longer. These countries could easily double 
their production rate if they chose to and if they were willing to 
invest in the capital facilities necessary to do so. 

The remaining OPEC nations face totally different circumstances. 
For the four African nations the R/P ratio is down to 27. Of these, 
Libya possesses most of the excess reserves, while the other three are 
virtually down to their technical limit. For the ocher three OPEC 
countries, the K/P ratio has fallen to 20, which is considered very 
low. This means that these countries have little capacity to increase 
production unless more oil is discovered. 

Among the non-K)PEC nations there is considerable diveraity. As 
one might expect the R/P ratio for the U.S. is quite low (8). This 
reflects the fact that new discoveries in the U.S. have peaked and have 
been declining in recent years. On the other hand, R/P ratios for 
Mexico and Western Europe are fairly high ~ even higher than the 
African OPEC countries. These high ratios are due to Che large recent 
discoveries in these areas and to the fact that production is not yet 
up to its full level. The R/P ratio for the non-OPEC portion of WOCA 
as a whole is 15. 


Scenario Assuag>tions 

OPEC countries . - In the seven OPEC countries of the Middle East 
plus Libya, proven oil reserves are so vast and R/P ratios so high that 
Che availability of reserves does not present a relevant technical 
limit to oil production at the present time. Nor - it likely to do so 
within the next decade and perhaps not even in the 1990' s. It is much 
more likely that these nations will establish production limits well 
below what %rould be technically possible. This line of thought will be 
pursued in the following section. 
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T«blc 17. Res«rvt-to-production ratios for aelectad countries and 
areas. 


AREA 

RESERVES 
1-1-79 
10® bbl* 


(1) 

OPEC 

445.1 

Mid East 

365.0 

Africa 

50.8 

Other OPEC 

29.4 

Non-OPEC 

102.5 

USA 

28.5 

Canada 

6.0 

Mexico 

16.0 

West Europe 

24.0 

Other Non-OPEC 28.0 


1978 PRODUCTION 


10^ bbl/day 10^ bbl/yr 


(2) 

(3) 

30.2 

10.87 

20.7 

7.45 

5.3 

1.91 

4.1 

1.48 

18.7 

6.73 

10.3 

3.71 

1.6 

0.58 

1.3 

0.47 

1.8 

0.65 

3.7 

1.33 


K/P 

RATIO 

Column (l)»Coluap (3) 
(4) 

41 

49 

27 

20 

15 

8 

10 

34 

37 

21 


*bbl ■ barrels 
Sources: 

Reservesi ref. 23 
Production, ref. 25 
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For the remaining six OPEC membars the low and declining R/P 
ratios could become relevant technical limits on oil production, but 
even here it is more likely that thay will establish production limits 
below the level that would be technically feasible. Thus, R/P ratio is 
not considered the relevant factor constraining OPEC oil production for 
the period under consideration. 

Won- OPEC countries . - In the non- OPEC countries matters are quite 
different. Reserves are already falling in the U.S. and Canada. Even 
in Mexico and the North Sea reserves are expected to peak within the 
decade. For the entire nonrOPEC area the R/P ratio is down to IS. 

Thus, the availability of reserves will be a relevant factor limiting 
oil production. 

For this study we assisne that the R/P ratio for the not^OPEC area 
of WOCA remains at IS. In other words, nonrOPBC oil production for 
each year is taken to be on^ fifteenth of proven reserves at the begin- 
ning of the year (assuming that there is sdequate demand for this vol- 
ume of oil). This same procedure is followed for all three scenarios. 

OPEC Production Limits 
Political and Economic Nature of OPEC 

There is a great lack of understanding among professional analysts 
concerning the basic nature and functioning of OPEC. There is even 
greater misunderstanding among the populace. Consider, for example, 
two statements reported in the Wall Street Journal . On the one hand an 
aide to PLO chieftain Yasser Arafat says, "Oil is a political weapon 
for Arabs to use for their ends." At the other end of the spectrum, an 
OPEC official in Vienna says, "OPEC is not a political organization. 

We reach our decisions on the basis of economic data" (ref. 26). 

The first statement is probably closer to public opinion, but the 
second seems to be closer to reality. The single overt political ac- 
tion taken by OPEC since its inception was the oil embargo in late 
1973.* This action was in response to the Israeli- Egyptian War in which 
Egypt was being soundly defeated. 

*Technically it was OAPEC that established the embargo, not OPEC. 
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The quadrupling of oil prieaa at ia aama time waa far nora aigni* 
fieant than tha ambargo. Thia waa a diatinctly aconomic action, not 
political. 

Since than there haa bean a great deal of talk about tha politico 
of oil from every poaalbla vantage point. Ho doubt there la great 
potential to uaa oil pollclaa for political purpoaaa. Navarthalaaa, 
alnce 1973 OPEC haa not engaged In another overtly political act. 

Even the Iranian cutback In 1979 waa not an OPEC action. It «aa 
the act of an independent, revolutionary government, and It caaw In the 
disorganized period of transition between regimes. This may be conaid* 
ered a political act, but definitely not an OPEC act. 

There la no general consensus among professional analysts concern- 
ing the economic nature of OPEC at this time (refs. 27-30). For 
example, in the popular press the term "OPEC cartel" is comnonplace. 
Indeed, there is no doubt expressed that OPEC Is a cartel and can set 
oil prices at any arbitrary level they please. H0«»ever, a considerable 
volume of professional literature has arisen concerning whether OPEC Is 
truly a cartel with considerable monopoly power or whether OPEC merely 
responds to market forces that would operate in Its absence. The evi- 
dence Is by no means obvious and overwhelming. Thus, in the present 
state of knowledge, any statements concerning projections of OPEC 
policies as far as 20 years into the future must be shrouded in consid- 
erable uncertainty. 

A Passive Supply Policy 

In spite of this uncertainty, it has become quite clear that the 
governments of the OPEC nations will not permit oil production to con- 
tinue to increase passively in response to growing demand from the oil- 
importing nations. A passive supply policy would lead to rapid growth 
of production until a peak is reached, then declining reserves would 
force a decline in production. Such a policy would have several disad- 
vantages. First, increasing production ifould require the installation 
of extensive capital facilities which would then become redundant as 
production declined. Second, it would reduce potential revenue as oil 
would be sold too soon at too low a price. Third, it would result in a 
very uneven flow of oil revenue. Thus, there can be no doubt that the 
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OPEC nations will chooss to limit production bslow ths Isvel that would 
ba taehnieally faaaible. 
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At exactly idtat laval thay will aat production limits, howavar, is 
uncartain. In tha first placa OPEC, as an organisation, has absolutaly 
no production policy and no machanism to anforca one. There is eonsid- 
arable opposition within OPEC to tha astablishmant of any official OPEC 
production policy. Saudi Arabia in particular has steadfastly insisted 
that production policies are tha sovereign right of each member nation. 
What can be said regarding likely production policies of these indi- 
vidual nations? 

A Dichotomy of OPEC Nations 

Describing a simple dichotomy of any group so diverse as the 13 
mesd>ers of OPEC must necessarily be on somewhat shaky logical grounds. 
However, it is helpful to do so for the purpose at hand: The first 

group is led by and epitomised by Algeria. Algeria has a poor populi^ 
tion of nearly 20 million (ref. 31) and an oil industry that has 
already started the period of decline Co depletion. They have large 
imnediate needs for oil revenues. They ran sisable balance of trade 
deficits through the late 1970 *s in spite of the 1973 price increase. 
They barely squeaked out a surplus in 1979 and will probably return to 
a deficit by next year. They have every reason for wanting to push the 
price of oil up as fast and as far as possible. This would permit them 
to cut production and delay depletion of this valuable resource. Other 
OPEC nations fitting into this group are Nigeria, Gabon, Venezuela, 
Ecuador, Indonesia, and Iran. 

But every producer doesn't necessarily have the same idea. The 
second group is led by and epitomised by Saudi Arabia. Saudi Arabia 
has a small population of only 8 million and enough oil to last SO or 

60 years at current production rates. They were running a $1 billion 

balance of trade surplus as long ago as 1970. In the fourth quarter of 
1979 their balance of trade surplus was running at a $47 billion annual 
rate. They have virtually no need for additional revenues at the pre> 
sent time. They do, however, have to worry about the future when the 
wells in Algeria, Nigeria, and Indonesia have gone dry. They know 

that, as the price of oil goes up, consumers will conserve on the use 
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of oil end substicuta othar anargy aourcaa for oil. Nora iaportantlyi 
if tha prica ia drivan up too faat and too far* tha conauning nationa 
will ba atimulatad into davaloping anargy aubatitutaa. Thay do not 
wrat to ba facii^ at iff coapatition froa an abundanea of oil aubati** 
tutaa auch aa coal, oil ahala, haavy oil aanda, nuclaar powar, and 
solar powar aada profitabla by tha high prica of oil. Othar OPEC coun> 
triaa in thia group ara Kuwait, Qatar, tha Unitad Arab Sairatas and, to 
a lasaar axtant, Iraq and Libya. 



Mowavar, it ahould not ba concludad that thia aacond group of OPEC 
countriaa will aggraaaivaly incraaaa production avan thot^ thay aay 
not want tha prica of oil to riaa too rapidly. Thare ia a aacond force 
affecting their aconoaic intaraat and their production policiea. That 
ia tha question of what to do with thair oil revenues. Broadly speak- 
ing, thare are two uses for these funds: financing imports for domes- 

tic consimption or inveatment purposes and investment abroad. 

These six OPEC countries have used their oil revenues to increase 
imports at a very rapid rate (see table 18). From 1975 to 1979 their 
combined imports increased 222 percent froa $17.5 billion to 56.4 bil- 
lion. In spite of thia increase in imports, their combined balance of 
trade surplus (i.e. exports minus imports) increased 76 percent from 
$42.3 billion to $74.5 billion. In the final quarter of 1979 their 
combined balance of trade surplus was running at an annual rate of 
$104.5 billion. This is a tremendous sun of money seeking foreign 
investment outlets. 

Some of the OPEC surplus has gone into direct foreign investment; 
however, there is considerable political opposition abroad to sizable 
direct investment by the Arab oil sheiks. For example, in the past 
year three large investment deals by Kuwait in the United States have 
fallen through, partially due to public opposition. As a result, most 
of these surpluses have gone into commercial bank time deposits and 
short-term money market instrunents. 

Ali D. Johany, a Saudi economist at the University of California, 
examined the opportunity cost of capital for Saudi Arabia and concluded 
that, for large sums of money, U.S. Government Treasury Bills appear to 
represent the most attractive alternative to leaving oil in the ground 
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Tablt 18. Co^incd exports, isiports, end belenee of trede surplus for 
six OPRC countries*, 1975*79 (in billions of dollars). 


DATE 

EXPORTS 

IMPORTS 

BALANCE OF 




SURPLUS 

1975 

59.8 

17.5 

42.3 

1979 

130.9 

56.4 

74.5 

IV Qtr. 1979 

170.9 

66.4 

104.5 

Annual Rate 





*Ssudi Arabia, Kuwait, Qatar, the United Arab Emirates, Iraq, and 
Libya. 


’Source : 


ref. 31 


(r«f. 32). TrtMury Bill r«t«t h«v« fluctuactd biie«t«n 8 and 12 p«r> 
c«nt~priMrily in rntponM Co varying inflation rataa. Aftar adjuat> 
ing for inflation, tha raal rata of raCum ia hardly mora Chan ona par* 
cant. This ia eartainly a vary poor altarnativa to laaving oil in tha 
ground . 

Soaw Bipirical Bvidanca 

Thera are aona cluaa regarding probable OPEC production liaita. 
Some relevant data are accuBulatad in table 19. The aacond coluan 
ahowa currant production capacity in each of the OPEC countriaa aa 
limited by preaantly inatallad facilitiaa. Current OPEC production 
capacity toCala 39 MBOD. Thia aaema to be well above Che level of 
production that will be permitted—at laaat for aeveral yeara. 

Seven of Che OPEC countriea have individually announced production 
limita. Theae are ahown in the laat column. Iran haa not announced an 
official limit, but haa cut back production and indicated that they 
intend Co keep production well below the level Chat waa reached under 
Che Shah. We have eatimated their probable limit at four MBOD. 

Of Che five remaining countriea that have not announced production 
limita, four are conatrained by prevent ly low R/P ratioa. Only Iraq 
has sufficient reserves to be able to increase production to any signi* 
ficant extent, and they have shown no inclination to do so. If the 
announced production limits are in fact observed, total OPEC production 
capacity is reduced from 39 to 30.5 MBOD. 

Another clue regarding possible production limits is given in 
column 3 of table 19. In 1979 oil companies were scrambling to build 
up depleted inventories and to stockpile oil in anticipation of rising 
prices. This sharp increase in deisand put heavy pressure on the pro* 
due ing countries to increase production, and the increasing price pro* 
vided economic incentive for them to do so. Most of the OPEC countries 
responded to these circumstances by increasing production, and OPEC 
production for 1979 was greater than that for 1978 in spite of Iran's 
cutback. Column 3 shows for each OPEC country the peak level of pro* 
duct ion that was sustained for at least three months. 

A nimiber of countries permitted production to exceed their an* 
nounced limits. Saudi Arabia, in particular, increased production up 
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T«bU 19. Indieacort of OPBC production liaito (aillion bnrrol* of oil 
por doy).* 


COUNTRY 

PRODUCTION 

CAPACITY 

PEAK 3-MONTH 
PRODUCTION 
IN 1979 

ANNOUNCED 

PRODUCTION 

LIMITS 

Saudi Arabia 11.9 

9.8 

8.5 

Iran 

6.7 

3.0 

4.0*‘ 

Iraq 

3.7 

3.5 


Kuwait 

3.4 

2.6 

2.0 

United Arab 

Eairatea 2.1 

1.8 

1.8 

Qatar 

0.7 

0.5 

0.5 

Libya 

2.5 

2.1 

2.0 

Algeria 

1.2 

1.2 


Nigeria 

2.4 

2.4 


Gabon 

0.2 

0.2 


Venezuela 

2.5 

2.3 

2.2 

Ecuador 

0.2 

0.2 

0.2 

Indoneaia 

1.8 

1.6 


Total 

39.3 

31.2 


Production 

capacity if announced 

limita are observed: 

30.5 


*Source« 

Production capacity: (ref. 29) 

Peak production: (ref. 10) 

Production limita: (ref. 4) 

^Unofficial but probable limit 


to 9.8 MBOD end tope production up to 9.5 MBOD into Uto 1980. Bvon 
thoy» houuvor, did not ineronoo production up to thoir capacity of 11.9 
MBOD. By thia aaaaura OPBC production liaita in 1979 uara 31.2 MBOD. 

Thaaa data indicata that OPBC production liaita at tha praaant 
tiaa ara in tha rMga of 30 to 32 MBOD. lhara ara indicationa, hoir- 
avar, that thaaa liaita will ba incraaaad aoaawhat aa tiaa paaaaa. In 
1979 Shaik Taaani, tha Saudi Arabian oil ainiatar, publiahad an articla 
on tha future of OPEC (raf. 33). In ona acanario ha projactad that 
OPEC production aight riaa to 36 MBOD in 1987. Ha referred to thia 
poaaibility aa "nomal reaourca utilieation" by tha 0?EQ countriaa. In 
another acenario he projected that OPEC production aight inereaae to 47 
MBOD by 1995 1 which he referred to aa "atrainad reaourca utiliaation** 
by the OPEC countriaa. 

Scenario Aaauaptiona 

On the baaia of the foregoing theoretical analyaia and eapirical 
data, we conclude that the OPEC countriaa will continue to expand oil 
output in reaponae to increaaing deaand. They will not, however, do ao 
indefinitely. For our aoat likely acenario we have acauaed that the 
OPSr countries will limit production to 36 MBOD. It seema highly un- 
likely that they would linit production to leaa than 33 MBOD, which ia 
our low>supply acenario aaaumption. Finally, it alao aeeas highly 
unlikely that they would increase production beyond 39 MBOD, which we 
take as our high-aupply acenario aaaunption. 

Net Inporta from the Coanunist Countriaa 
The Soviet Bloc 

Hiatorical trends . - Oil production and conataaption for the conr 
bined areas of the USSR and Eastern Europe are shown in figure 5. Fron 
1968 to 1974 both oil production and consumption were growing at very 
rapid rates. Consumption was increasing sometdiat more rapidly, and, if 
these trends had continued, the Soviet Bloc would have ceased to become 
a net exporter of oil by 1979. However, beginning in 1975 the growth 
rate in consinption of oil declined idiile the previous growth in 
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produccioa was austalMd. A* a raault, Soviac Bloc oil axporca gradu- 
ally incraaaad froa 1975 chroufli 1978. If thaaa crands oara Co eoatia- 
ua, cha Soviac Bloc would conciuua Co ba a nac axporcar of oil Co WOCA 
Chrough cha 1980' a. 

Soviac oil problaaa . - ic appaara, howavar, chac cbaaa craoda 
cannoc ba conciauad. Iha Soviac Uaioo aaaaa co ba raaching a wacarahad 
auch aa cha U.S. did ia 1970. Iha aoac axcaaaiva aaalyaia of cha 
Soviac oil problaa ia chac of Cha CIA, firac publiahad ia 1977 aad up- 
dacad ia 1979 (rafa. 35 aad 36). Accordiag Co Cha CIA, oucpuc ia aow 
acagaacing or dacliaiag ia all Mjor Soviac oil-produciag ragioaa ck- 
capC waacara Sibaria. ta chac araa a aiagla giaac fiald, SaaoClor, haa 
accouacad for cha bulk of cha growch ia Soviac oil produccioa ia Cha 
1970'a. Iha SaaoClor fiald haa baaa workad axcaaaivaly, aad produccioa 
Chara will probably paak wichia a yaar or Cwo aad bagia Co dacliaa. 

Thia will ba a aonaaCoua avaac ia cha SoviaC oil iaduacty. 

If a dacliaa ia cocal ouCpuC ia Co ba avarcad, aaw fialda auac ba 
brou8hC iaco produccioa. Iha Soviac hiararchy ia awara of Chia prob- 
laa, aad in Dacaabar 1977 Cha aaargy aaccor waa daaignacad a "laadiag 
link," meaning chac Cha aaccor would gac prioricy invaacaaac Co achiava 
"maximum rapid raaulCa." 

There are, however, aerioua obaCaclaa Co rapid achiavamanc of aig- 
nificanc raaulca. In cha firac place, Cha SovieCa' acock of proven ra- 
aarvaa haa bean falling ainca Cha early 1970* a. In cha aacond place, 
moat of Che new araaa being developed are in waacarn Sibaria. NoC only 
ia Chara a harah climaca Co concand wich, buc Cha aaaociacad infra- 
acruccura auaC ba developed. Aa a raaulc, drilling cargeca. Chough 
aubaCantially incraaaad, are noc being mac, and Cha davalopmenc of new, 
amaller fialda ia lagging behind plana. 

In Cine Cha producCion decline may be moderaCad and parhapa ra- 
ver aed, by enhanced recovery Cachniquea and by diacovering and develop- 
ing new araaa. Theaa davalopmenca are uncarcain and aubjacc co long 
laad-cimea. They will noC affecc oil producCion before Che laCe 
1980' a. 

RecanC producCion developmanCa . - When Che CIA acudy waa firac 
publiahed, ic waa noC well received by cha oil induacry preaa. RecenC 
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•vtntt, hovcvtr, tmd to indieato that it ia not far off eha aark. 
Soviat oil production iacraaaad at a ataadp 6.3 pareant annual rata 
through 1978. Than in 1979 tha incraaaa droppad to 2.3 pareant. 

Moacou haa Juat raeantly raportad that plannad production for 1981 ia 
only 0.7 pareant graatar than that of 1980 (raf. 34). This ia a 
draaatic daelina in tha grouth rata in a vary abort pariod of tiaa. 

Tha CIA eiaatabla nay hava baan a bit aecalaratad, but tha analyaia of 
baaie foreaa aaaaM quita aecurata. 

Conaarvation and anargy aubatitution . - Tha growth rataa of oil 
conauaiption to both tha 0888 and Baatam Buropa hava baan aaong tha 
highaat in tha world. After tha quadrupling of oil prieaa to 197>74, 
tha growth rata of oil conauaption in tha 8oviet Bloc waa raduead aub- 
atantially, although at S.5 pareant it atill raauiina aa»ng tha highaat 
to the world (raf. 23). If tha oil production problawa outlinad in tha 
pravioua aaetion cannot ba ovarcoaa, tha growth rar.a in oil eonaiaaption 
suat ba aharply curtailed within tha next few yaara. Thia can ba ee» 
coapliahad by (1) conaarvation afforta» (2) by aubatituting ocher ec t* 
gy aoureea for oil, or (3) by a reduction to Che econoaie growth rata; 
however, the firat two aetiona will be difficult to achieve. 

The pattern of Soviet energy conaunption la aubatantially differ- 
ent froai that to WeaCem induatrial countriaa. In tha Meat much oil ia 
uaed to tha raaidential and tranaportation aeetora, and Che potential 
for conaarvation to thaae uaaa ia great. In the 0888 many techniquaa 
now being diaeuaaed and adopted to the Meat are already amployed on a 
large acale. For example, a»at urban apaca haating in tha 0888 ia 
alraady provided through cogeneration. 

In tha tranaportation aector the bulk of intercity freight ia 
ahipped by rail, rather than by truck aa to the. 0.8. and Europe. The 
Sovieta have only one automobile for every 40 to 30 inhabitanta, coir 
pared with 1 for every 2 in the 0.8. and one for every 4 or 3 to Heat** 
am Buropa (ref. 33). Ihua, there ia aubataiitially leaa potential for 
oil aavinga to thaae ereaa. Therefore, major aavinga in oil eonaump- 
cion muac be obtained by upgrading induatrial technology. Thia can, of 
courae, be eecompliahed, but it ia both capital intenaive and ttoa con- 
aumiog. Dreauicie ahort-run reaulta are not to be expected. 


Scenario aiaumptions . ~ The analysia of the preceding aectione leede ue 
Co conclude that Soviet Bloc oil production will peak in the very near 
future and probably decline Moderately for perhapa a decade before 
atabilizing. The growth rate of oil conaumption will not likely be 
much below the economic growth rate, which is projected at about three 
percent. Given that Soviet net export of oil in 1980 was only aoaie one 
million barrels per day, it seems inescapable that the Soviet Blpc will 
cease to be a net exporter at some point in Che relatively near term* 

This basic conclusion holds over a wide range of specific assusp- 
tions concerning Che rate of decline in production and the rate of 
growth in consumption* The only variation is the specific year that 
exports will cease. For example, if production peaks in 1981 and Chen 
declines by two percent per year while consunption increases by three 
percent annually, exports will end in 1983. On the other hand, if 
production peaks and then remains at the 1981 level and the constssption 
growth rate is reduced to just one percent, then net exports would end 
in 1988. In either case the basic conclusions of this study are unal- 
tered . 

Therefore, for our projections of WOCA oil supply, we have assumed 
for our most likely case that Soviet Bloc oil net exports will gradual- 
ly decline and become zero in 1988. For our low supply scenario, we 
assume Chat exports become zero in 1983 and, for our high supply 
scenario, 1992. 

Communist China 

China emerged as a net oil exporter in 1973 just at the time of 
the oil embargo and quadrupling of prices. Chinese production was 
increasing by 25 percent each year, and there were astonishing fore- 
casts of Chinese petroletn reserves. Hopes ran high that China would 
soon challenge Saudi Arabia in the world market. But with the passage 
of time more sober projections are now being made about China's role as 
a major oil exporter. 

The production growth rate declined from the high level of the 
early seventies to 13 percent for the 1973-78 period, and in 1979 
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production increased only 2 percent. Exports have risen only to about 
500,000 barrels per day, which would rank China tenth among OPEC n»> 
tions (ref. 25). 

There are some good reasons to expect this slow growth of Chinese 
exports to continue in spite of large and growing reserves. Future 
export sales will depend on the Chinese resolution of the perceived 
trade-off between economic self* sufficiency and the desire to import 
modern capital equipment financed through oil revenues (ref. 37). 

China aspires to become a major industrial power— *not a major 
exporter of raw materials. Crude oil exports would escape China with- 
out leaving much of a direct impact on the rest of the economy. Their 
preference, therefore, is first to use petroleum as an input in the 
domestic economy, and second to process crude oil and export petroleum 
products. 

If China tiere to decide to increase crude oil exports substantial- 
ly, huge outlays for infrastructure would be required. China's har- 
bors, for example, are not presently equipped to handle large tankers. 
In a capital- scarce economy the opportunity cost of investment in the 
oil industry is very high. Thus, a policy of export expansion via 
massive investment in the oil industry appears economically unattrac- 
tive compared to a policy of moderate investment and restraint on do- 
mestic oil consisnption. 

Moreover, Chinese planners perceive a disruptive nature in a too 
rapid introduction of foreign technology. Extensive imports of Western 
technology through potential oil revenues could seriously undermine the 
fundamental policy of self-reliance. The goal of modernization is 
important, but so are the means for its realization. This factor mili- 
tates against the emergence of China as a major world oil exporter. 

For purposes of this study, we assume that Chinese oil exports 
will increase by 5 percent annually for the next 20 years. This will 
put China's oil exports at only 1.3 MBOD in the year 2000. 


8ynfu«l Production 


Introduction 

Synfuels are liquids and gases readily substituted for conventionr 
al oil products and natural gas in most applications. They can be 
derived from oil shale, coal, heavy oil, oil sands, and agricultural 
products. Although the synfuel resource base is several times larger 
than that for conventional oil and reserves are not presently a limit- 
ing factor, there are sumy barriers which must be overcome, such as 
technology. High costs, large investments, and environmental problesm. 
As these are surmounted, synfuels will make a significant contribution 
to energy supplies. 

Four countries are expected to produce 90 percent of WOCA's output 
of synfuels in the next 20 years: the United States, Canada, Venezuela, 
and Brazil (ref. 21). In the U.S. synfuels will come from oil shale, 
coal, and to a lesser extent from oil sands. Canada and Venezuela have 
oil sands and hesAry oil. Brazil's primary synthetic will be alcohol 
from sugar cane. 

Technology 

Production of synthetic fuels from shale, sands, and coal requires 
different technologies which are tailored to the characteristics of the 
raw material and the desired product (ref. 24) . Compared to conven- 
tional oil, these resources have too much mineral content and too 
little hydrogen. Mcveral content is of particular concern in shale and 
sands because large volumes of solids must be handled in order to 
recover relatively small amounts of oil. This requires large amounts 
of both capital equipment and manpower. 

Oil shale, oil sands, and coal contain less hydrogen than coimaon 
fuels such as gasoline; therefore, hydrogen must be chemically added to 
these to produce a suitable final product which is interchangeable 
with conventional petroleum products. This upgrading is difficult and 
expensive, but modern refining technologies can perform this task. 
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A great deal of baaic research and development work has been com- 
pleted for most synthetic resources and processes. For some processes, 
a significant number of pilot plants has been built and tested; ho«^ 
ever, for most processes coanercial-size plants have not yet been 
built. 

For the United States the most promising synthetic resource in the 
near term seems to be oil shale. Shale is relatively abundant, and it 
contains a higher percentage of hydrogen than does coal. Modern mining 
equipment and methods have been demonstrated satisfactorily in several 
small projects. They must be scaled up to connercial operations, but 
they do not require major technical innovations. 

Much work has been done on the development of techniques to remove 
oil from shale once it has been mined, as several pilot plants have 
successfully demonstrated. No commercial size plants have yet been 
built, but a number of firms appear willing to proceed to cononercial- 
size plants with technologies which have been tested in large pilot 
plants (ref. 38). 

Coal can be used to produce either gaseous or liquid fuels, and 
commercially proven proc<*sses are now available. In addition to these 
there are a number of second and third generation processes under de- 
velopment. The technology of coal gasification is generally more ad- 
vanced than liquif ication, and commercial- scale coal projects which 
have been proposed are almost entirely gasification. 

Oil sands and heavy oils vary widely from one deposit to another, 
and no single technology is applicable to all. Virtually all of the 
ongoing activity in oil sands recovery is taking place in Canada 
(ref. 39). Pilot plants have been demonstrated, and several large- 
scale commercial projects are soon to begin construction and should be 
coming on stream about 1986 and 1987. There has been little interest 
shown in U.S. oil sands. 


Costs 


The economics of producing synthetic fuels is s subject of consi«* 
dersble debate and confusion. Many studies have been made and many 
numbers have been quoted for the costs of plants and the cost to pro- 
duce a barrel of product. 

Some of the variation is due to different assumptions regarding 
equipment specifications, labor costs, interest rates, debt/equity 
ratios, and costs of satisfying regulations. Most of the problem, how- 
ever, is due to the fact that in most cases complete commercial-size 
plants have not yet been built. Cost estimates, therefore, are based 
on insufficient data and are subject to a large margin of error. 

In 1979 an engineering consulting firm reviewed and evaluated the 
studies which had been made. Their conclusions are shown in table 20. 
The use of coal to make liquid fuels would seem to be just marginally 
profitable at oil prices existing in late 1980. This is no doubt the 
reason chat so few projects for coal liquif icaCion have been announced. 
As the price of oil rises relative to the price of coal, more firms 
will find investment in coal liquif ication economically attractive. 

Extraction of oil from Canadian sands seem to be quite profitable 
at current market prices. Two separate large-scale commercial projects 
are presently seeking licenses to proceed. Each plans to produce 
140,000 barrels of synthetic-crude oil per day when they are completed 
in 6 or 7 years. 

Cost estimates for the production of oil from U.S. shale deposits 
are the most speculative of the three shoim since they are based on 
small pilot plants. It would appear, however, that unless unexpected 
problems are encountered in scaling up from pilot plants, extraction of 
oil from shale can be quite profitable at current world oil prices. A 
nunber of firms appear willing to proceed. 
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Table 20. Conparative coaea of synthetic fuels (in 1979 prices) 


PROCESS 

SELLING PRICE 
(^/barrels) 

RELIABILITY 
OF ESTIMATE 

BASIS 

Coal liquification 

30 - 38 

Highest 

Complete eossser* 
cial plant built 
and operating 

Oil sands 

26 - 33 

High 

Extensive pilot 
plant demonstra> 
tion 

Oil shale 

22 - 26 

Medium 

Retorts must be 
scaled up and 
detailed engi- 
neering done 


Source: ref. 38 


Nonprice Inpedimenc* 

There are nany factors which inhibit the rate of development or 
size of a synthetic fuels industry. Probably most important is the 
body of laws and regulations which apply to synfuel projects. At least 
20 different Federal laws can affect synfuel plants, including the 
following: 

The National Environmental Policy Act 
The Clean Air Act 

The Federal Water Pollution Control Act 
Solid Waste Disposal Act 
Resource Conservation and Recovery Act 
Federal Land Policy and Management Act 
Surface Mining Control and Reclamation Act 

These have the effect of drawing out the time schedule required to 
bring a project on line, and create an air of uncertainty which reduces 
the willingness to undertake a billion dollar project. 

Unfortunately, no synfuel project has yet made it through this 
maze of regulations, and so it is inqiossible to assess the total length 
of time required to bring a project on stream. Many commercial pro> 
jects which were once active have been scrapped due to uncertainty, law 
suits, and regulatory delays. Three coal gasification projects and one 
shale oil project begun between 1970 and 1973 have still not received 
final approval. Based on this experience and assuming that all of 
these projects are at least three years away from startup, the project 
lead times will have ranged from 10 to 13 years. The recently enacted 
Sythetic Fuels Act has done nothing to reduce these regulatory inqjedi** 
meats. 
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Scenario Atsumpciona 

Although there ia virtually no synthetic fuel production in the 
world today, the technological base for such an industry has been es- 
tablished. The world price of crude oil has risen to a level that 
makes oil shale and sands economically attractive and liquification of 
coal marginal. In the U«S. and Canada the Federal governments have 
enacted policies to encourage the development of synthetic fuel produc- 
tion. 

On the other hand, there are sosm serious impediments idiich will 
limit the growth rate of this new industry. Judicious management re- 
quires that new processes be tested in large-scale pilot plants for 
several thousand hours before beginning construction of commercial-size 
facilities. Construction and breath in of the commercial plant may 
easily take five years. Add the time necessitated by government regu- 
latory processes in both the U.S. and Canada and the lead time from R & 
D to commercial operation is easily 10 to 15 years. 

We conclude that the production of synthetic liquid fuels by 1990 
will be quite minimal. On the low side we expect WOCA production to 
reach 1.5 MBOD. On the high aide, it could hardly surpass 2.5 MBOD. 

We have taken production of 2.0 MBOD as our most likely assumption. 

Between 1990 and 2000 there is a possibility for more rapid growth 
if some of the more significant restraints can be reduced. Our assump- 
tion for the most likely level of output in 2000 is 8 MBOD. With esti- 
mates on the low side of 6 MBOD and on the high side of 10 MBOD. 

Sumeiary 

Specific numerical values assused for each of the three scenarios 
for each of the factors affecting the supply of petroleum are summariz- 
ed in table 21. In the following section, these figures will be used 
in conjunction with the projected demand figures to examine the impli- 
cations of the interaction between supply and demand. 
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Table 21. Sumnuiry of atsunpciona for projeccing the supply of 
petrolem. 


SUPPLY SCENARIO 


uctiannxciAni «. 

LOW SUPPLY 

MEDIUM SUPPLY 

HIGH SUPPLY 

Proven Reserves 12-31-78 
OPEC 

Non-OPEC WOCA 

445 bill. bbl. 
102.5 bill. bbl. 

445 bill. bbl. 
102.5 bill. bbl. 

445 bill. bbl. 
102.5 bill. bbl. 

Annual Additions to 
Proven Reserves 
OPEC 

Non-OPEC UOCA 

4 .'>111. bbl. 
8 bill. bbl. 

5 bill. bbl. 
10 bill. bbl. 

6 bill. bbl. 
12 bill. bbl. 

Production Limits 
OPEC 

Non-OPEC MOCA 

33 NBOD 

R/P Ratio “ 15 

36 MBOD 

R/P Ratio " 15 

39 MBOD 

R/P Ratio ■ 15 

Net Imports 
Soviet Bloc 
China 

Zero in 1983 
Increase 5Z/yr 

Zero in 1988 
Increase 5Z/yr 

Zero in 1992 
Increase 5Z/yr 

Synfuel Production 
1990 
2000 

1.5 MBOD 
6.0 MBOD 

2.0 MBOD 

8.0 MBOD 

2.5 MBOD 
10.0 MBOD 


SUPPLY- DEMAND INTERACTION AND PRICE IMPLICATIONS 


Hittorical Rtvigw and Interpretation of Crvidt Oil Pricf 

1947-1973 

From the mid 1950* • to Che early 1970'a the world price of petro- 
leum drifted eteadily downward. Prom 1954 to 1970 Che real price of 
Saudi light crude, deflated by the United Statea GNP price index, fell 
eteadily at a rate averaging five percent per year. From 1957 to 1972 
Che real prices of U.S. produced crude fell 2.1 percent per year (see 
fig. 6). During this period proven reserves increased year-by-year, 
production expanded rapidly, and WOCA consumption increased by 9.3 
percent per year. 

This 15-year trend was brought to a dramatic climax in the early 
1970's. Crude production in the U.S. peaked in 1970. The petroleum 
market tightened, and world crude prices increased sharply in 1971 and 
1972. Then in October 1973, in reaction to the Arab- Israeli War caste 
the famous embargo and quadrupling oi oil prices by the OPEC nations. 
The real price of Saudi light increased 230 percent between 1973 and 
1974. Production and consumption rates fell sharply in the next two 
years. 

These startling events have generally been taken, particularly in 
the U.S., as prima facie evidence that OPEC is a cartel acting in typi- 
cal fashion exercising its monopoly power. The previous low and fall- 
ing price has been assumed to be a proper, competitive price and the 
new high price to be an artificial monopoly price. Great attention has 
been given to the fact that it costs only 50 cents or so to extract a 
barrel of oil in the rich Middle East fields. It has been widely b^ 
lieved that the cost of extraction should provide a basis for a coar* 
petitive price. 

Under these conditions it was generally believed that the OPEC 
"cartel" would soon run into the nemesis of all cartels— production 
quotas. Due to the tremendous, economic, political, and social diver- 
sity of the member states, sgreement %«ould not be achieved, OPEC would 
crumble, and the price of oil would fall back to the competitive level. 
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PRICE INDEX 



YEAK 


Figure 6. Deflated prices of U.S. and Saudi crude oUt 1948*1980. (1972 ■ 100). 
Sources: Saudi crude* ref. 31 

U.S. crude, refs. 40 and 41 
GN? deflator, ref. 42 
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Quit* th« eontrtry has happened, however. OPEC he* noe eriailbled, and 
ehe price of oil hae riaen even higher. Many have aeen thia aa the 
continuing exerciaa of onnopoly power by Che OPBC cartel. 

The author* do not accept thia popular interpretation of event* 
due to one major fact which ia inconaiatent with the cartel theory. 

The eaaenee of a cartel ia twofold. Firat, the aead>er* aaiaC agree to 
reiae the product price above the level that would be determined in Che 
marketplace if each firm acted individually to achieve ita own aelf- 
inCereat. Secondly, thia higher price neceaaarily impliea Chat leaa 
product can be aold by all firm* combined. How much leaa, of courae, 
depend* on the nature of the co mm odity, but in all caaea it will be 
leaa. However, Che higher price generally mean* that it ia in the 
intereat of each individual producer to expand output. If they do, Che 
cartel will die integrate. Therefore, the cartel muat eatabliah produce 
cion quota* or require aide payment* from one producer to another. 

OPEC haa never been able to eatabliah production quota* even 
though they attempted to do ao aa far back aa the early I960'*. 
Venesuela, then the largeat producer, wanted Co uae hiatorical output 
aa the baae for quota*. Iran argued for national population. Saudi 
Arabia and Kuwait aelected proven reaervea. Agreement could not be 
reached and attempt* to eatabliah production quotaa were abandoned 
(ref. 43). 

A far more aatisfactory theaia haa recently been offered by Johany 
(ref. 44), who argued that both the falling price of the aixtiea and 
Che increaaing price of the aeventiea were due to change* in property 
right* in OPEC oil field*. Prior to World War II Che Latin American 
and Middle Eaat countriea granted aome of the major oil companiea 
right* to aearch for and produce oil. The original conceaaiona gave 
the producing nations a certain royalty per unit of output and granted 
the companiea Che right of ownership of crude oil deposits. Most of 
these original concessions would have expired by the 1990' a. 

These agreements were repeatedly renegotiated. Each successive 
agreement resulted in more favorable term* for Che countries and ices 
favorable terms for Che companiea. All the while there was an increaa- 
ing threat of nationalization. 


Th« •ignifieanc* of thoto dovtlopaontt was not lost on tha oil 
coapany axscutivas. Oil sold today at idiatavar pries is worth s»ro 
than oil left in tha ground to ba handed over to soaeona else. They 
ware, of course, aware that increasing output depresses prices, but no 
coapany acting alone could raiee prices by restricting output. In the 
absence of collusion, self-interest dictated that each country increase 
ouput as rapidly as possibla. As a result, the price of petroleva fell 
steadily. 

In October 1973 the producing nations decided to detemine the 
price of their oil unilaterally rather then through negotiations with 
the oil coapanies as had been done in the past. Once the host coun- 
tries becsae tha ones to choose how auch to produce and how auch to 
charge, the coapanies becsae aere production and aarketing agencies 
rather than owners of crude deposits. This saounted to a de facto 
nationalisation of cn^e oil deposits. 

For the producing countries, ownership rights of the deposits were 
certain and secure. Oil in the ground then becaae an alternative in- 
vestaent in coapetition with real capital investaent and financial 
assets that aight be purchased with oil revenues. Under safe and se- 
cure property rights, oil in the ground is to be preferred if one ex- 
pects its price to tise faster than the rate of return on real capital 
or the rate of interest on financial assets. 

In Tiost of the oil exporting countries, the rate of return on real 
doowstic investaent has been driven to a very low level. The rate of 
interest on financial assets aust be discounted by the likelihood of 
currency depreciation and expropriation. As a result, discount rates 
for the producing countries are substantially lower chan for the oil 
coapanies. It is therefore sensible for each country to reduce output 
below the rate deterained by the oil coapanies. No collusion or coer- 
cion is required for this reduction to cake place. Each country acting 
independently in its own self-interest would reduce output (or output 
growth rates) below that prevailing prior to 1973. 

Although OPEC is not strictly a cartel, there is at least one way 
that OPEC does significantly affect the price of oil, i.e., by reducing 
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unc«rt«iney. On* of tho otondord ehoroeeoriocieo of ony oliiopolittie 
■orkoe liko oil it intordopoodoney. An oetioo by ono fira, ouch •• 
incroooinf prico, will bring forth o roaetion by othara, but ona can 
navar ba eartain what that raaction will ba. OPBC providaa a forun for 
diacuaaion of poaaibla aetiona and raactiona bafora tha avaor. Unear* 
cainty ia tharaby aubatantially raduead, although not eowplataly aliai* 
natad. Aa a raault, prica changaa ara now aora abrupt than bafora. Mo 
nation acting alooa could hawa quadruplad ita prica in ona aowa* but 
all of than acting Jointly could do ao. 

1974-1990 

In 1974-75, tho Onitad Stataa and noat of tha induatrialiaad world 
aaok into tha noat aavara racaaaion ainca that of 1937-38. Aa a raault 
of raduead production lav«la, tha danand for patrolaui fall aharply, 
and thara auddanly davalopad a glut in tha world patrolaun narkat— in 
apita of tho OPEC countriaa* raduead daairaa to aupply cruda oil. 

Undar thaaa conditions tha OPBC nationa wara unablo to incraaaa 
tha prica of cruda any faatar than tha ganaral rata of inflation in tha 
Unitad Stataa. Tha daflatad prica of Saudi light ramainad roughly 
stable through 1978. 

Beginning in 1977 tha world patrolaun Mrket ran through a classi- 
cal invontor^rapaculativo cycla that practically doubled tha real prica 
of cruda oil in 197^80. In 1977 the oil companies added to their in- 
ventor ias at a fairly substantial rata, partially in anticipation of 
further prica incroasas. Than in 1978, «Aien the narkat softened and 
price increases failed to keep pace with ganaral inflation, they ra- 
varsad policy and reduced inventories by tha largest anount within tha 
past decade. This left than with relatively low invantorias at tha 
outbreak of tha Iranian Bavolution in lata 1978. Iranian production 
fall rapidly from six to one-half nillion barrels par day. ^ 

At this point fear bacana tha only relevant factor in the %»rld 
patroleini narkat. Other producers responded quickly and increased 
production. Pron 1978 to 1979 as a whole, production increased in 
WOCA, in OPEC, and even in tha Middle East (including Iran) (raf. 45). 
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This face, however, only aerved to mitigate davalopmenta that were 
dominated by fear of a shortage and fear of further price increases. 

Oil co^anies began to scramble for oil supplies to build up in- 
ventories. Spot market prices were bid up substantially above the 
official OPEC price level (ref. 46). The spot market is a very thin 
market, and the price is, therefore, very sensitive to sharp changes in 
either supply or demand. 

SosM of the most militant OPEC producers were very quick to follow 
the spot market by increasing the price of their oil. A few producers, 
led by Saudi Arabia, were more reluctant to see the price rise and de- 
layed increasing their price. This resulted in a two- tier price market 
with a substantial disparity among OPEC producers selling the same 
grade of oil. Eventually Saudi Arabia raised their price to reduce the 
disparity and the price hawks imnediately raised their price again. 
Prices leapfrogged in this way through 1979 and much of 1980. 

Each price increase further aggravated the expectation that prices 
would continue to rise, which further increased the oil companies' d^ 
sire to build up inventories before the next price increase. Such a 
speculative bubble can only come to an end when the companies have man- 
aged to increase inventories to a level that they deem satisfactory 
given their expectations of sales and price increases. This one sub- 
sided in the middle of 1980 and prices began to stabilize. 

Petrolema Price Projections 
Summary of Demand and Supply Projections 

The extent to which the OPEC countries are able to increase the 
price of petroletas over the coming years will depend on the market 
conditions of demand, nonrOPEC supply, and their own willingness to 
restrict production. Each of these factors has been discussed in de- 
tail in earlier portions of this report. The separate demand and 
supply projections will now be brought together and examined for price 
implications. 
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C-1 


For «aeh factor affecting supply or demand, three asaumptione have 
been made: a value Chat the authors feel to bo the most likely to occur 
and high and low lea that are considered possible but not probable. 
On this basis, kiuee demand projections and three supply projections 
are isade. Ihese could logically be combined to construct nine scenar* 
ios; however, only three are presented here. First, there is the mid- 
level scenario which combines the supply and deoiand projections deemed 
most likely to occur. Next, the low demand projection is combined with 
low supply. The reason for this is that the slower growth of demand 
would result in a lower price, which in turn is consistent with a slow- 
er growth of supply. Finally, high demand is combined with high sup- 
ply. The greater demand would result in a higher price which would be 
consistent with a higher level of supply. 

These projections are presented in tables 22, 23 and 24. The 
numbers in columns two and three are constructed as previously explain- 
ed. OPEC production, in column four, is conputed as a residual by 
subtracting non-OPEC supply from WOCA demand. This is based on the 
hypothesis that consumers first obtain oil from non-OPEC producers and 
that OPEC is residual supplier. Column five shows any potential short- 
fall as a discrepancy between demand and total supply. 

Potential Shortfalls 

The likelihood of a potential shortfall occurring within the next 
20 years appears to be possible but highly unlikely. In our mid-level, 
most likely scenario, OPEC production only gets as high as 31.7 MBOD. 
This is well below even the lowest OPEC production limit of 33 MBOD 
which is considered likely. In the low demand-low supply scenario, 

OPEC production is continually lower than the 1979 level of production. 
Only in the high demand-high supply scenario at the end of the 20 years 
is there a potential shortfall, when the demand for OPEC oil reaches 
39.5 MBOD. 

In the event that such a potential shortfall should occur, we 
would expect events to follow closely what happened in 1979-80. There 
would be a scramble among oil companies to obtain sufficient supplies 
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Table 22: 


Projected NOCA demand and supply for petroleum 
based on midlevel scenario (in million barrels 
of oil per day). 





NO»>OPEC 

OPEC 

POTENTIAL 

YEAR 

DEMAND 

SUPPLY 

PRODUCTION 

SHORTFALL 

1980 

51.0 

21.3 

29.7 


1981 

51.3 

21.7 

29.6 


1982 

51.5 

22.2 

29.3 


1983 

51.8 

22.5 

29.3 

— 

1984 

52.1 

22.9 

29.2 

— 

1985 

52.3 

23.3 

29.0 

— 

1986 

52.7 

23.7 

29.0 

— 

1987 

52.8 

24.1 

28.7 

— 

1988 

53.1 

24.7 

28.4 

— 

1989 

53.3 

25.4 

27.9 

— 

1990 

53.6 

26.3 

27.3 

— 

1991 

54.7 

26.8 

27.9 

— 

1992 

55.8 

27.4 

28.4 

— 

1993 

57.0 

28.1 

28.9 


1994 

58.2 

28.8 

29.4 

— 

1995 

59.4 

29.6 

29.8 

~ 

1996 

60.6 

30.5 

30.1 

— 

1997 

61.9 

31.4 

30.5 

— 

1998 

63.2 

32.5 

30.7 

— 

1999 

64.5 

33.2 

31.3 

~ 

2000 

65.8 

34.8 

31.0 

— 
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Table 23: 


YEAR 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 


Projected WOCA deaend end supply for petrolem 
beeed on low deaend-low supply scenario (in 
million barrels of oil per day) 


DEMAND 

NON-OPEC 

SUPPLY 

OPEC 

PRODUCTION 

POTENTIAL 

SHORTFALL 

50.3 

20.7 

29.6 

MW 

49.9 

20.6 

29.3 


49.4 

20.6 

28.8 

— 

49.0 

20.4 

28.6 


48.5 

20.6 

27.9 

— 

48.1 

21.0 

27.1 

— 

47.6 

21.2 

26.4 

— 

47.2 

21.5 

25.7 

— 

46.8 

22.0 

24.8 

— 

46. 3 

22.3 

24.0 

— 

45.9 

22.9 

23.0 

— 

46.6 

23.2 

23.4 

— 

47.2 

23.6 

23.6 

— 

47.9 

24.0 

23.9 

— 

48.6 

24.4 

24.2 

— 

49.3 

25.0 

24.3 

— 

50.0 

25.6 

24.4 

— 

50.7 

26.2 

24.5 

— 

51.4 

26.9 

24.5 

— 

52.2 

27.6 

24.6 

— 

52.9 

28.6 

24.3 

— 


i. 

i 

{ 

Table 24: Projected WOCA demand and supply for petroleum 

based on high demand-high supply scenario (in 

million barrels of oil per day) j 

1 




NOR- OPEC 

OPEC 

POTENTIAL 

YEAR 

DEMAND 

SUPPLY 

PRODUCTION 

SHORTFALL 

1980 

51.6 

21.7 

29.9 


1981 

52.5 

22.4 

30.1 


1982 

53.3 

23.4 

29.9 

— 

1983 

54.2 

24.1 

30.2 


1984 

55.0 

24.9 

30.1 

— 

1985 

55.9 

25.6 

30.3 

— 

1986 

56.9 

26.2 

30.7 

— 

1987 

57.8 

27.0 

30.8 

— 

1988 

58.7 

27.8 

30.9 

— 

1989 

59.6 

28.7 

30.9 

— 

1990 

60.6 

29.9 

30.7 

— 

1991 

62.3 

30.7 

31.6 

— 

1992 

64.1 

31.3 

32.8 

— 

1993 

65.9 

32.5 

33.4 

— 

1994 

67.8 

33.3 

34.5 

— 

1995 

69.7 

34.3 

35.4 

— 

1996 

71.6 

35.3 

36.3 

— 

1997 

73.7 

36.6 

37.1 

— 

1998 

75.8 

37.9 

37.9 

— 

1999 

77.9 

39.3 

38.6 

— 

2000 

80.1 

41.0 

39.1 

0.1 


in nneieipation of tho shortago. this would rapidly bid the price up 
aa happened in 1979« It is inpossible to anticipate just how high the 
price would go due to the crucial isq^ortance of the psychological fac> 
tor in such an event. It is certainly reasonable to expect the price 
to double, and not surprising if it isi^t triple before demand is re~ 
duced sufficiently to clear the market. 

Price Projections for 1990 

The more problematical analysis regards the price implications of 
the projections in the absence of a shortfall. The authors have dis- 
covered no objective technique to determine the pricing implications 
other than the exercise of informed judgment. 

In our midlevel, most likely scenario, WOCA demand for petroletn 
increases from 51 MBOD in 1980 to 53.6 NBOD in 1990. However, non-OPEC 
supply increases at such a rate that the residual demand for OPEC oil 
actually falls over the decade from 29.7 to 27.3 MBOO. This decline in 
the demand for OPEC oil might tempt some to say that the price might 
fall or, at least, not rise. We believe that this is not the case, 
although the declining demand will certainly make it more di.fficult for 
OPEC to raise the price of oil. 

Some further data on the forces impinging on the pricing decision 
are presented in table 25. Under our midlevel scenario assumptions, 
WOCA's proven reserves will fall from 545 billion barrels in 1980 to 
507 billion barrels in 1990. Within OPEC the decline is even more 
dramatic — from 439 to 378 billion barrels. 

Reserve-to-production ratios will also be falling, especially in 
OPEC. In spite of the decline in OPEC production, the aggregate R/P 
ratio for all of OPEC will fall from 40.5 to 38. This is perhaps not 
dramatic, but it is certainly a significant drop for a decade and con- 
trary to all prior experience. 

Synthetic petroleum production is another matter that must be 
considered when the OPEC countries price their oil. One strategy that 
could be followed by OPEC and the other oil producers would be to 
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Table 25. Kidlevel acenario of conventiooal pecroleuD production, additions 
to reserves, and reserves for HOCA and OPEC in 1980, 1990, and 
2000 (in billions of barrels). 


AREA 

PERIOD 

BEGINNING 

RESERVES 

PRODUCTION 

GROSS 

ADDITIONS 

ENDING 

RESERVE 

BEGINNING 
R/P RATIO 

ENDING 
R/P RATIO 

HOCA 

1980-1990 

545 

203 

165 

507 

30.5 

27.5 

HOCA 

1991-2000 

507 

200 

150 

457 

27.5 

22 

OPEC 

1980-1990 

439 

116 

55 

378 

40.5 

38 

OPEC 

1991-2000 

378 

110 

50 

318 

38 

27.5 


iner««te produccion «• aeecttary to k««p th« price of oil low enough to 
prevent entry of synthetic oil producers. The OPEC countries heve 
elreedy shown thet they ere not willing to do this. Therefore, we 
project thet synfuel productions will greduelly increese end be 2 MBOD 
in 1990 or ebout 3.7 percent of WOCA oil consumption. 

Constituting such e smell shere of the merket, synfuel producers 
would be price tekers end eccept the merket price determined by canven> 
tionel oil. The output of synfuel would merely be one eddition to the 
WOCA supply of oil, idiich together with demend determines price. 

Consideretion of these fectors lends to the conclusion thet the 
price of petrolem will rise over the decode, thou^ et e feirly moder~ 
ate rete in comperison to the 1970* s. An ennual reel price increese on 
Che order of four percent would seem reesonably consistent with both 
the supply end demend conditions conteined in our midlevel scenerio. 
This would raise Che price of petroleum from an approximate $35 per 
barrel in 1980 to about $52 per barrel in 1990. 

In our low demand>low supply scenario, WOCA demand declines from 
50.3 MBOD to 45.9 MBOD in 1990. The residual demand for OPEC oil falls 
from 29.6 to 23.0 MBOD'-a decline of 22 percent. Such a decline in 
demand would put substantially greater strain on Che OPEC organization. 
Reaching agreement on cutbacks in production would be more difficult 
than in the mid level scenario case. 

As a result Che increase in price would be less—perhaps in Che 
area of two percent per year increase in the real price. This would 
bring the price of petroleum to about $43 per barrel in 1990. 

In our high demand-high supply scenario, WOCA demand increases 
from 51.6 MBOD to 60.6 MBOD in 1990. Non- OPEC supply increases sub- 
stantially, and the residual demand for OPEC oil increases moderately 
from 29.9 MB(H> to 30.7 MBOD. Such conditions would permit a more rapid 
it^crease in price in the nature of six percent per year. This would 
raise the price Co $63 per barrel in 1990. 
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Prie« Projection* for 2000 


In *11 thr** seonario* WOCA'* demand for oil incraaae* nor* ra^ 
idly in eha decade of ctie 90'* chan in the decade of the 80* a. The 
reaaon for chia ia chat Che proceaa of convaraion Co ocher fuel* in the 
electric utility, reaidential-coaMrcial, and manufacturing aector* 
will be aubatantially completed within a decade. After that, the d^ 
mend for petrolatm will more cloaely follow the level of aggregate 
production and incraaae with 6RP. 

In all three acenarioa the reaidual demand for OPEC oil increaaea 
in the decade of the 90'*, uherea* it fell during the 80'a in two of 
the acenarioa. Aa a reault, we can expect the price of oil to increeae 
more rapidly during the 90 'a in each acenario. Tabl* 26 auaiMriae* the 
change* in WOCA demand and OPEC production over each of the coming two 
decadea . 

In the midlevel, moat likely acenario, WOCA demand increaaea from 
53.6 MBOD in 1990 to 65.8 MBOD in 2000. The demand facing OPEC in- 
creaaea from 27.3 to 31.0 MBOD. Although thia ia only alightly above 
their production level in 1990, it ia nevertheleaa an incraaae of 3.7 
MBOD over Che decade. Conaidering the fact that by that time aoaw OPEC 
countriea will have paaaed their peak production and be on the decline, 
thia ia a aubatantial increaae in production. 

Synfuel will be aubatantially more aignificant in the market by 
thia time, and production of aynfuel ia projected to hit eight MBOD by 
Che year 2000. Thia figure haa been aubtracted from WOCA demand to 
calculate the demand for OPEC oil. Even in the year 2000 the output of 
aynfuel will not be great enough to limit the price of petroleum to the 
coat of producing aynthetic petroleiae. 

Proven reaervea of convential oil will fall from 507 billion 
barrela at the beginning of the decade to 457 billion at the end. The 
R/P ratio for all of WOCA will fall from 27.5 to 22. Within OPEC 
proven reaervea will decline from 378 to 318 billion barrela. The R/P 
ratio will fall from 38 to 27.5. 
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T«bl« 26. SuMMiry of ehongoo in HOCA dwand md 

OFBC production: 1980*1990 and 1990-2000 
(in aillion barrala par day). 


PERIOD 

MOCA DBHAIID 

OPEC PIODDCTIOH 


Nidlaval Scenario 


1980-1990 

* 2.6 

- 2.4 

1990-2000 

al2.2 

♦ 3.7 


Loir Demand- Low Supply Scenario 


1980-1990 

- 4.4 

- 6.2 

1990-2000 

♦ 7.0 

♦ 1.3 


High Demand-High Supply Scenario 


1980-1990 

♦ 9.0 

♦ 0.8 

1990-2000 

♦19.5 

♦ 8.4 


Calculated from tables 22, 23, and 24. 
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Th««« condieiona will put graatar praaaura on raiaing cha prica of 
oil in cha 90'a Chan in any of Cha Chraa aeanarioa for Cha 80'a. In 
Cha midlava I acanario Cha prica of cruda ahould incraaaa by an avaraga 
of ac laaac aavan pareanc par yaar. Ihia would raiaa Cha prica from 
952 in 1990 Co $102 in 2000. 

In cha low domand-low aupply acanario, UOCA'a damand incraaaaa 
from 45.9 Co 52.9 MBOD. Afcar aubcraccing non*orec aupply, cha damand 
facing OPEC riaaa from 23.0 Co 24.3 MBOD. Thia ia an incraaaa ovar cha 
dacada of 1.3 MBOD, coaparad Co 3.7 in cha midlaval acanario. Ihua, 
aMrkac condieiona ara only alighcly laaa ai^anaivo chan in cha midlaval 
acanario. A* a raaulc Cha prica of oil ahould incraaaa by abouC 6 
parcanc annually from $43 Co 977 a barral. 

In Cha high damand-hi^ aupply acanario, WOCA daamnd incraaaaa 
from 60.6 Co 80.1 MBOD ovar Cha dacada, and Cha damand facing OPEC 
riaaa rapidly from 30.7 Co 39.1 MBOD. Diia would raquira an incraaaa 
in OPEC producCion of 27 parcanc ovar Cha dacada. Such praaaura would 
incraaaa Cha prica ac a raCa of ac laaaC 10 parcanc par yaar. Ihia 
would incraaaa Cha prica of oil from 963 a barral in 1990 Cc 9150 in 
1999 juac bafora Cha poinC chac a pocancial ahorcfall ia projaccad. 

All of Chaaa prica projacciona ara aummariaad in cable 27. 

Hiacorical Raviaw and Incarpracacion of Jac Fual Pricaa 

Figure 7 abowa Cha real prica of karoaana producer, including jaC 
fual, in tha Uniced Scacaa (daflacad by Cha CMP prica daflacor) for Cha 
period 1948-1980. Alao ahown ara Cha daflaCad pricaa of U.8. cruda and 
Saudi cruda. All pricaa ara indaxaa wich 1972 equal Co 100. 

ExaminaCion of Chaaa grapha indicacaa ChaC Cha prica of karoaana 
producer followa cha prica of cruda quica cloaaly. From 1948 Co 1972 
Cha prica of karoaana producer Cracka Cha prica of domaacic cruda mora 
cloaaly Chan ic doaa Cha prica of Saudi, niia ia conaiaCanC wich chao- 
racial axpaccacion. Tha ralavanc coaC for prica daCaminaCion is mar- 
ginal coaC. During Chia period Cha prica of Saudi cruda waa laaa Chan 
Cha prica of damaacic cruda. During much of Cha period Cha Unicad 
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Tab It 27. Crudt ptcrolttfi rttl-priet pro Jtcc lent for 
1990 and 2000 (in 1980 dollar* par barrtl). 


YEAR 

LOW DEMAND - 
LOW SUPPLY 
SCBHAftXO 

HIDLBVBL 

SCENARIO 

HIGH DEMAND 
NICE SUPPLY 
SCENARIO 

1980 

S 35 

S 35 

$ 35 

1990 

S 43 

$ 52 

$ 63 

2000 

$ 77 

$102 

$150« 


* projtectd prict for 1999 utMdiataly prtctding a 
projtcttd thorcfall 


pticB niMai 



Figure 7. Deflated prlcea of D.S. crude. Saudi crude, and U.S. 
keroaene producta. 194S>1980 (1972 ■ 100) • 

Sourcea: Saudi crude. U.S. crude, and GSt deflator, fig. 6 
Keroaene. refa* 40 and 41 
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States raatrietad iaporta of crude oil in order to support the doowetie 
price. Therefore* the aerginal coat of crude to the refiner wee the 
higher priced doneetie crude. 

In the 1970'e* conditions changed drenatically. Domestic produc- 
tion oesked end began to fell* the United States beceoM a net importer* 
world inrice of oil increased drsaetically* and the United States 
imposed price controls on domestic crude and refined products. Under 
these changed conditions the marginal cost of crude became the world 
price of imported oil. Theory would lead us to expect that the price 
of refined products should then follow the %iorld price of oil rather 
than the domestic price. 

Examination of the graph indicates that* indeed* this is what hap- 
pened* althou^ not so closely as in the earlier period. Beginning 
with the increase in the price of Saudi crude in 1973* before the quad- 
rupling and embargo, the price of kerosene products began to track the 
price of Saudi crude more closely than the lower priced domestic crude. 

These observations are crucial to a proper interpretation of these 
events. First* the price of kerosem products increased substantially 
less than the price of Saudi crude from 1972 to 1978-. Second* the 
price of crude leveled off in the 197V78 period* while the price of 
kerosene products continued to increase by decreasing aowunts. Third, 
in 197^80* the price of kerosene products increased in line with the 
price of Saudi crude. 

We conclude that 1972-78 was a distinct and unique period in the 
relationship between the price of crude and the price of kerosene prod- 
ucts, including jet fuel. This may have been due to the price controls 
which were imposed in late 1971 and removed on jet fuel in February 
1979. There is some doubt concerning this explanation because many 
refiners had unrecouped costs and legal authority to raise the price of 
refined products above the actual level (ref. 45). 

Another explanation is that the combination of quadrupling of the 
price of crude and the ensuing recession was so dramatic and unprece- 
dented an event that it took the industry four years to return to some- 
thing of an equilbriimi. Whatever the reason* it is clear that the 
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period from 1972-78 was unique and does not provide a proper basis Co 
project into the future. 

In 1979-80 with price controls removed from jet fuel and having 
recently experienced a dramatic price increase, the price of kerosene 
products closely followed Che increase in Saudi crude. 

To sunomrise, Che price of kerosene products closely followed the 
price of U.S. crude prior to 1972 and Saudi crude after 1972, with a 
disruption of the relationship between 1972 and 1978. 

Econometric Analysis 

To omasure more precisely the relationship discussed in the previ- 
ous section between the price of crude and Che price of jet fuel, an 
econoBMtric analysis was performed. The dependent variable in the 
regressions is: 

DEKERO ■ Index of wholesale price of Che kerosene product group 

excluding taxes and deflated by the U.S. GNP price defla- 
tor (1972 - 100) . 

The principal independent variable is: 

DEMCCRUO ■ Deflated marginal cost of crude oil. This variable is 
constructed by splicing the price of domestic crude for 
1948-72 and the price of Saudi crude for 1972-80. It is 
an index with 1972 ■ 100. 

Additional independent variables are: 

DUMMY ■ A dummy variable to capture the disturbance in relation- 
ship between DEKERO and DEMCCRUD previously discussed. 

It is equal to zero for 1948-71 and 79-80 and for projec- 
ting into the future. For 1972-78 it is equal to 
DEMCCRUD. 

OPRATIO ■ Operating ratio or the percentage of refinery capacity 
being utilized; and 

KEROSHRE ■ Kerosene product group share (2) of the total market for 
petroleum products. 
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All d«ta art annual figuraa for tha pariod 1948-1980. Prlea of 
U.S. eruda, rafinary oparating ratio, quantity of karoaana produeta 
producad, and total patrola«ai produeta producad ara fron rafarancaa 40 
and 41. Prica of Saudi eruda ia froa rafarance 31. GWP daflator ia 
froa rafaranca 42. 

Aa a fir at approx iaat ion, DBKBRO is ragrassad on DSHCCRDD alona. 
tha relationship is given in table 28 in both linear and natural logar- 
ithaic foras. Nuabars in parentheses ara t values for tha coefficients 
of the variables. Coefficients of dataraination and Durb in-Watson 
statistics are also shown. 

Coefficients of dataraination for both aquations (1) end (2) ara 
above 0.9 and ara highly statistically significant. In both aquations 
tha coefficient of DEMCCRUD is statistically significant at a very high 
level and confirms tha visual observation of a close correlation be- 
tween the two variables. The low value of the DurbiirWatson statistic 
indicates the presence of ^ha statistical problem of autocorrelation, 
which tends to bias the coefficients of the variables. Equation (3) 
shows the regression results when the remaining subsidiary independent 
variables are included in the regession. The is increased by a 
significant amount. Coefficients of all the variables are statistic- 
ally significant at the five percent level or better. The Durbin- 
Watson statistic indicates that the equation is reasonably free of the 
problem of autocorrelation. In short, this equation shows highly re- 
spectable statistical properties. On this basis it is acceptable for 
projecting the price of jet fuel. 



Jet Fuel Price Projections 


The regression results fora the previous section provide the 
essential basis for projecting t i price of jet fuel for the years 1990 
and 2000. For the projections, the refinery operating ratio is set 
equal to the average value for the 1948-80 period. The kerosene prod- 
uct share of the market is set equal to its 1980 value. Prices of 
crude oil are those previously projected and reported in table 27. 
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With these inputs > the price index for the kerosene product group 
is calculated. The percentage increaaes thus determined are then 
applied to the 1980 price of jet fuel to calculate projected prices of 
jet fuel for 1990 and 2000 for each of our three scenarios. These 
projections are shown in table 29. 


Table 29 


Projected price of jet fuel in Che United Stetee 
in 1980 pricea (dollars per gallon). 




SCENARIO 



TEAR 

LOW DEMAND- 
LOW SUPPLY 

NIDLEVEL 

HIGH 

HIGH 

DEMAND- 

SUPPLY 


1980* 

$ 0.92 

$ 0.92 

$ 0.92 

1990 

$ 1.11 

$ 1.32 

$ 1.57 

2000 

$ 1.89 

$ 2.46 

$ 3.56** 


•ref. 45 

"Estimate for 1999 preceding a projected shortfall in 

2000. 


CONCLUSIONS AND RBCONMBNDATIONS 


The doubling of the price of petrole« following the Irenien 
Revolution initiated a aet of reaponaea that will revolutionise the 
petroleum market over the next 20 years. Principle among these is the 
substitution of other fuels (especially coal and natural gas) for 
petroleum. This process of interfuel substitution cannot be accosr 
plished in short order but will require a considerable period of time. 
We hypothesise that the full adjustment will take some 20 years, but 
most conversion will occur during the 1980*s. After that, the demand 
for petroleuB will more closely follow the growth of total world pro* 
duct ion of goods and services. 

From this analysis, it follows that during the 1980* s the demand 
for petroleun will increase slowly or decline, depending on the exact 
rate of conversion and the rate of economic growth. The conversion 
process being discussed should not be construed as the sole cause of 
the soft tfiarket in the winter of 1982. The current low level of demand 
is due primarily to the general economic contraction throughout most of 
the industrialized world. With the economic expansion which is expect^ 
ed over the next few years, the demand for petroleim should increase 
back to the trend level projected, while the conversion process coi^ 
t inues . 

With the major portion of the conversion process completed, the 
demand for petroletn will increase swre rapidly during the 1990 *s. 

This conclusion holds regardless of which demand scenario comes to 
pass. 

On the supply side of the petroleum market, the recent price 
increase will stimulate supply throu^ new discoveries and improved 
recovery techniques. Gradually at first, then gaining momentum in the 
1990's, there will be an increasing supply of synthetic fuels— partictr 
larly from oil sands and shale. 
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with Chcte rather favorable and optimistic developments on both 
sides of the market, the price of petroleum should rise somewhat slowly 
throu^ the 1980* s. However, with the tightening of the market in the 
nineties, the price cen be expected to rise at a significantly higher 
rate. 

Mote that all of this assmies a relative tranquility and political 
stability in the Middle Bast. Obviously, this is a rather shaky 
ass«ption to make for a 20-year projection. 

Based on these conclusions, we reconomnd that the government take 
the following actions: 

1. The government should pursue various techniques to stimilate 
research and development in additional ways to conserve in the use of 
petroleum without reducing the standard of living. Much of this R&D 
can and should be performed by the private sector; however, R&D can be 
expected to yield external benefits that accrue to society at large. 
This portion should properly be performed by government. 

By its very nature K&O involves extensive lead t imes—measured in 
decades— before it comes to fruition in the marketplace. Therefore 
research today must be looking to the needs of the mid-nineties and 
beyond. 

2. The governoient should pursue varios policies to stinulate the 
establishment of a sound, viable, synthetic fuel industry — particularly 
shale oil. The principle economic incentive, the price of petroleum, 
seems to be in place. The main impediment appears to be the maze of 
governmental authorities that oust grant permission before projects can 
go forward. The entire process for reviewing projects should be thor- 
oughly examined and streamlined so that projects can be either approved 
or rejected in ouch less time than is now required. 

3. Some difficult decisions must be made concerning how such 
environmental pollution is to be permitted. Zero pollution is simply 
not the answer if we are to continue to raise the average standard of 
living. Consequently, some rational trade-off oust be made between 
environmental pollution and energy production. 
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